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comes standard on all Ranger 
and Bronco II 4x4s, and is 
available as an option on all 
Broncos. 

This year, Ford is introduc- 
ing a more powerful V-6 
engine that will be available 

angerit 
6/60 POWERTRAIN 
WARRANTY. 

All Ford light trucks come 
with it. And it covers you and 
future owners with no transfer 
fee, on major powertrain com- 


ponents for 6 yrs./60,000 miles. 


Ask your Ford Dealer for a 
copy of this limited warranty. 


BEST-BUILT 
AMERICAN TRUCKS. 
The best-built American 
trucks are built by Ford. This 

is based on an average of 
consumer-reported problems 
in a series of surveys оҒ”81-89 
models designed and built 
in North America. At Ford, 
“Quality is Job 1” 

These are just some of the 
reasons why year after year 
the truck to beat is Ford. 


And why the toughest com- 
petition we have is ourselves. 
*Based on latest available 1989 model year 
manufacturers’ reported retail deliveries 

by division. **Based on calendar year 
manufacturers’ reported retail deliveries 
through 1988. +Based on 1988 New Car 
and Truck Buyer Study. See your 
dealer for availability. 
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FORD TRUCKS 


BUILT FORD TOUGH 


THE TOUGHEST 


WE HAVE 
IS OURSELVES. 
When you make the best- 


selling trucks in America* 
you're everybody's 
competition. 
Including your own. 
That's why at Ford we 


work hard at staying on top. 
And why we're constantly 
improving. 

And the result is, not only 
have we made the best- 
selling mekup for the past 12 
years** and the best-selling 


compact truck for the past 
two?* we have more repeat 
buyers than any full line of 
light trucks? 


For lots of very good 
reasons. 

Ford trucks beat all others 
in 43 areas, like the longest, 
deepest cargo box, the big- - 
gest standard engine, the 
most available maximum 
payload and the most stan- 
dard torque among half-ton 
pickups. 

And Ford makes the only 
trucks that let you shift into 
four-wheel drive at the touch 
of a button. A feature that 
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COVER STORY 
m 


After a decade of development, 
the B-2 has finally flown, revealing 
a clearer picture of its design and 
technology. But now criticism is 
shifting to other areas of the B-2 
program: Does the United States 
need another strategic bomber, and 
isthe B-2 worth its half-billion-dol- 
lar price tag? Page 45 


Saving the 
planet 


The experts agree: Global warm- 
ing may be the most pressing in- 
ternational issue of the century. 
The final part of this three-part se- 
ries examines the proposals to 
counter the pace of this potential 
catastrophe. 51 


LJ 

imports? 
Are American car makers finally 
achieving world class status? Pop- 
ULAR SCIENCE interviews industry 
leaders and observers to find out 
whether Detroit's fortunes are on 
the rise or if major hurdles still lie 


ahead. Page 57 


Home heating 


A humidifier that atomizes water; 
a remote-controlled fireplace door. 
These and other products could 
help warm up your home. Page 71 
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Science and Technology 
HANE saisi 
Science newsfront ... _ 20 
Saving the planet. Қалы) 


Space and Aviation 


B-2: what stealth’s first flight 


Computers 

and Electronics 
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Electronics newsfront 36 
High-tech home watchers і...................76 


Cars and Driving 
What's new cars 14 
The new 1990 American cars: 
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Big is back—with a high- -tech 


advantage.......... 
“Say, Smokey—". 
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Home Products, 
Projects, and Technology 


What's new home... 
Do-it-all heat pumps ........... 
Balloon dampers. 
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Security 89. 
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Looking back........... 
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What’s News 


Uncovering the B-2 bomber 


PoPuLaR SCIENCE has published three 
cover stories on the stealth bomber 
[Feb. '83, Sept. '86, July '88]. The cover 
illustrations were artist renderings 
based on information uncovered by our 
editors and writers despite a curtain 
of Air Force secrecy. Although we have 
photos of an actual B-2 in flight, along 
with eyewitness observations of the 
giant craft, many of its engineering 
details are still top secret. However, 
POPULAR SCIENCE editors have used the 
photos and expert analysts to uncover 
new insights into the engineering, de- 
sign, and capabilities of the giant 
flying wing. What emerges in C. P. 
Gilmore's report, starting on page 45, 
is an aircraft that is arguably the most 
amazing ever built. 


Global warming 


This issue includes the third and con- 
cluding article in our series on global 
warming, written by Science and Tech- 
nology Editor Arthur Fisher. We're es- 
pecially proud of the series because 
we believe it is the first comprehen- 
sive overview of this worldwide threat 
in a major magazine. 

The first, "Playing Dice with Earth's 
Climate" [Aug.], explored the back- 
ground of the threat: how the activi- 
ties of a burgeoning and increasingly 
industrialized world have enhanced 
the greenhouse effect by increasing 
the amount and number of greenhouse 
gases in the atmosphere. It also de- 
tailed the climate modelers' best esti- 
mates of the socially disruptive and 
potentially catastrophic consequences 
of even a modest rise in global aver- 
age temperature: widespread flood- 
ing due to rising sea levels; drastic 
changes in vegetation, including food 
crops; and an increase in weather 
extremes. 

Part two of the series, "Inside the 
Greenhouse" [Sept.], examined the 
sources and roles of the greenhouse 
gases—carbon dioxide, methane, ni- 
trous oxide, ozone, and the CFCs—in 
the workings of the greenhouse effect. 
That is the process by which the at- 
mosphere traps just the right fraction 
of the sun's energy and maintains the 
delicate balance that keeps Earth's 
temperature neither too hot nor too 
cold for life to exist. 

This issue's installment, "Saving the 


Planet," examines the real prospects 
for slowing the inevitable changes in 
our environment. Can energy options 
such as solar, wind, hydro, and others 
make a dent in reducing carbon diox- 
ide emissions? Should nuclear energy 
play a larger role? Or is relying on 
conservation the most promising route 
to salvation? 


Science-writing honor 


The author of the *Global Warming" 
series, Arthur Fisher, has added to his 
impressive list of honors for science 
writing. He was recently elected as a 
director of perhaps the most presti- 
gious organization for science writers: 
The Council for the Advancement of 
Science Writing. A small handful of 
the country's most respected science 
writers and scientists make up the 
board of directors of this organization. 


Car quality 


Our premier car tester, Don Sherman, 
tackles an intriguing question this 
month: Is domestic car quality catch- 
ing up to the imports? Don discusses 
how one US.-built car, the Buick Le 
Sabre, has vaulted into the top 10 in 
the highly respected J. D. Power and 
Associates Initial Quality Survey 
—landing in second position, the high- 
est rating of any American car. The 
survey results, released in June, seem 
to have had immediate results for 
Buick, which sold 9,697 Le Sabres in 
the first 20 days of July, compared 
with 4,541 in the equivalent period 
last year. 


Tilt-rotor planes 


Will you be flying in one of these air- 
craft soon? The possibility seems a lit- 
tle closer to reality. The Federal Avi- 
ation Administration recently gave the 
California Department of Transporta- 
tion $200,000 to study using the Bell/ 
Boeing V-22 Osprey [July '87] for pas- 
senger service in that state. The study 
will take 12 to 18 months. The FAA 
has also funded similar studies in 
eight other states. 


US. plant for two-stroke 


The clever two-stroke engine designed 
by Ralph Sarich [Feb. '87] appears to 
be close to production for marine use. 

Continued 
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EXTREME CONDITIONS DEMAND EXTREME PROTECTION. 


Simple Solutions 

to Five Common 

Caulking Problems 
ксле 


If you're among the millions of American 
homeowners faced with a caulking problem 
this year—and dreading such annoyances 
as a clogged gun, or caulk that pours out 
too quickly (or too slowly) — relax! 3M 
offers simple solutions to take the mess 
and stress out of five common caulking 
tasks. It's just a matter of pressing your 
problem into place. 

PROBLEM #1: TUBS AND SINKS 

To repair ugly gaps and cracks around 
bathtubs, sinks and shower stalls and pre- 
vent costly moisture damage, use Press- 
In-Place® Tub & Sink Caulk. Just dig out 
the old compound, scrub the joint with 
detergent, rinse, wipe with alcohol and let 
dry. Then, unroll the pre-formed bead of 
caulk right over the crack, press it in place 
with your finger tip and trim to fit with 
ordinary scissors. 

PROBLEM #2: DOORS AND WINDOWS 

Eliminate energy-leaking cracks and 

japs with Press-In-Place* Door & Window 

aulk. The caulk withstands a wide range 
of temperatures, structural expansion and 
settling, so it's safe for use indoors and out. 


PROBLEM #3: WIDE GAPS 


PROBLEM #4: WINDOW GLAZING 

Why hire a professional glazier when you 
can repair windows yourself with Press-In- 
Place? Window Glazing? Simply cut the 
pre-shaped glazing to the correct length, 
press into place, strip off the plastic liner 
and smooth with your finger. 
PROBLEM #5: ROOFS AND GUTTERS 

Repair dozens of rooftop and other out- 
door problems, including sealing such 
installations as vents, fans, air conditioners 
and gutters with Press-In-Place® Roof & 
& Gutter Caulk. 


For more information, contact 
Customer Inquiry, DIY Division, 
3M Center, Bldg. 223-4S-01 
St. Paul, MN 55144 
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What's News continued 


Sarich's Orbital Engine Co. of Perth, 
Australia, recently announced that it 
has purchased a plant in Tecumseh, 
Mich., to produce the compact two- 
Stroke. The plant will have a produc- 
tion capacity of 250,000 engines per 
year. The initial run will be used for 
outboards. Sarich hopes to begin sell- 
ing two-strokes for autos in 1993. Ford 
and General Motors have already 
signed licensing agreements. 


Heavy rains affect planes 


New NASA studies indicate that 
heavy rains may reduce aircraft wing 
performance during landing approach 
or take-off maneuvers—when such 
performance is most required. NASA 
says that its findings may require pi- 
lots to adjust for the effect of heavy 
rain when they are landing and tak- 
ing off. The NASA tests raise the pos- 
sibility that heavy rain disrupts the 
airflow across the wing. This reduces 
wing lift and performance. The tests 
were conducted at the Langley Re- 
search Center in Hampton, Va. 


Vegetation and weather 


А concerted international effort using 
space satellites, aircraft, and auto- 
matic meteorological stations began 
this past summer to learn how the 
planet’s vegetation affects weather, 
and eventually climate. 

The study, called FIFE ’89, is co- 
ordinated by the Laboratory for Ter- 
restrial Physics at NASA's Goddard 
Space Flight Center. It involves sci- 
entists from the United States, Russia, 
Canada, England, and France. With 
the help of data from five remote- 
sensing satellites, six research air- 
craft, and dozens of sophisticated sur- 
face and airborne measurement de- 
vices, the group conducted intensive 
observations of an 81-square-mile 
swatch of central Kansas prairie grass- 
land to learn how surface vegetation 
regulates the rate of soil moisture 
evaporation to the atmosphere. 

Scientists studying the effects of 
global warming believe that such a 
control process could actually inten- 
sify droughts: When a dry period drops 
the soil moisture level below a given 
threshold, vegetation could limit evap- 
oration enough to deprive the lower 
atmosphere of the ability to form 
rain-producing clouds. 
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PERHAPS YOUR FUTURES 
| UP IN THE AIR. 
AND YOU JUST DON'T 

KNOW IT. 


" If Eos undecided but looking 
T mee fora future thats 
o0 _ exciting, 


А і rewarding 
ете full of possibilities alc TET TIS the right direction:Up. 
In the Air Force. Weve got openings in to- days fastest-rising careers. 

- From computers and communications to & electronics and avionics. 
Over 200 in all. But dont let the number of choices % | intimidate you. If youre 


not already sure about which field you want, our T uniquescreening and 
orientation process can help. Itevaluates your Т strengths and interests, 
f 


ы 


. and helps you find a career th 
makes the most of them. You may 
discover talents (and valuable ejob f ; 
opportunities) you- ——P о 
never knew you had. Ofcourse, / F 
nomatter what career you pick, 
youll get top-qual- 
ity training and guaranteed hands. -on experience _ 
in your area of choice or aptitude. 
Plus the chance to continue your education as 
you build a career You can pick up college 
credits or even a degree in the fully-accredited 
Community College of the Air Force. 

So whatever your dreams are, if you want 
to get them off the ground, call 
1-800-423-USAF 

It could be one of the more uplifting 
things you ever do. AIM HIGH. 


ТТТ 


Readers Talk Back 


Hot topic 


Regarding the series on global warm- 
ing: I hope that the August PoPULAR 
SciENCE reflects an editorial change 
that will continue to present issues 
that are of concern to all. We are leav- 
ing a legacy of destruction for our chil- 
dren, all in the name of progress! 
Ross Binnie 
Kearney, Ontario, Canada 


The greenhouse and gas 


In the words of an Okefenokee Swamp 
resident, we have met the enemy, and 
they are us. Though autos are a pri- 
mary culprit of environmental prob- 
lems [^What's News," Aug.], changing 
attitudes about private vehicles is 
quite an undertaking: Americans seem 
to be born with an ignition key in 
their fists, and much of our industrial 
economy is tied to automobiles and re- 
lated fields. 
Charles A. Hand Jr. 
Charleston, S.C. 


Your expressed concern with environ- 
mental issues and conservation is at 
odds with articles such as "Turbo To 
Go" (same issue), with Shelby cars 
that get only 17 and 25, and 20 and 
28 city and highway mpg, respectively. 
How about some consistency? 

Larry Miles, Independence, Mo. 


Why is it that whenever something is 
wrong with the atmosphere, it's al- 
ways the problem of larger, safer cars? 
T've been in two accidents while driv- 
ing small fuel-efficient cars from Ja- 
pan, but now I drive a Chevrolet Ca- 
price because I want a safe car for my 
family. My suggestion? Raise the gas 
tax and improve public transportation 
with the money. 
Perry J. Kravec 
Bethel Park, Pa. 


Politicians and bureaucrats are largely 
responsible for the failure to support 
efficient-energy programs. In response 
to President Carter's call to save en- 
ergy, I bought a small diesel Volks- 
wagon. À tax on diesel was immedi- 
ately levied, and its cost escalated 
above that of regular gasoline. Diesel 


Address letters to Readers Talk Back, PopuLan Science, 2 Park 
Ave., New York, N.Y. 10016. We reserve the right to edit for 
space and clarity and cannot answer unpublished letters. 


cars are now few and far between. 
Merdin Criddle, Aptos, Calif. 


Your editorial brought to mind an ar- 
ticle by S. Fred Singer in the June 30 
National Review. Singer, a professor 
of environmental sciences at the Uni- 
versity of Virginia, has served as di- 
rector of the U.S. weather-satellite pro- 
gram, deputy assistant administrator 
of the EPA, and chief scientist of the 
Department of Transportation. To 
oversimplify his position, there may 
well be a problem with global warm- 
ing, but available data are so incon- 
clusive about cause or cure as to be 
meaningless. He points out that no 
one really knows whether fluorocar- 
bons or burned hydrocarbons are hav- 
ing any significant effect, and if so, 
what that effect is. 

Willard B. Tribble, Fair Oaks, Calif. 


Timely article 


Thank you for a most interesting piece 
on Stephen Hawking [Aug.]; I hope 
readers take time to read A Brief His- 
tory of Time. Although it is not a 
human-interest book, it is an insight- 
ful theory of the universe that de- 
serves a good, hard look. As for the 
imaginary time that Hawking feels he 
didn't address, think of it as the eighth 
day of the week; it's there—just cross 
your eyes and look between Sunday 


and Monday! 
The Rev. Taras Chubenko 
Carteret, N.J. 
Tool warnings 


Flomatic has recalled the Cool Tool, 
a gas-operated tool that freezes pipes 
shut to ease plumbing modifications. 
The tool, which appeared in the De- 
cember 1973 issue on page 90, uses 
Freon 22, an odorless, colorless gas 
that is toxic if inhaled. Flomatic is of- 
fering a full refund, plus 20 percent, 
for any tools or components returned. 
Timothy Jansen, general sales manager 
Flomatic Corp., Box 100 

North Hoosick, N.Y. 12133-0100 


We are concerned about an advertise- 
ment in your June issue. In the ad, 
someone appears to be grinding cor- 
rosion or paint off a natural gas me- 
ter with a Dremel Cordless Moto-Tool. 
This is potentially dangerous. If there 
were even a minor gas leak, a spark 


from the tool's motor—or that of any 

other sanding or grinding tool—could 
cause an explosion or flashback. 

Frank Mansell 

Northwestern Utilities Ltd. 

Edmonton, Alberta, Canada 


Readers bark back 


Whose pea-brained idea was it to put 
“RTB” in the back pages? I want to 
see readers' criticism first, especially 
as it relates to subjective preference. 

D. Sill, Monroe, Iowa 


Please restore “RTB” to its rightful 
place at the beginning of the maga- 
zine. It's the first thing that I (and I 
suspect many subscribers) read. I 
know it's not a big deal to flip back to 
find it, but it seems shabby to put our 
comments last. The only publications 
that I know of that put letters in the 
back are newspapers—and they at 
least put them in an important area, 
across from the editorials. 

Michael Morse, Garrett Park, Md. 


Cool thinking 


One thing you didn't mention in the 
April article *Ice Power": How is the 
ice converted back to water for the 
next trip on Icy Rider? Also, the in- 
ventor might try using a refrigerant 
instead of water to increase the vehi- 
cle's driving range. A refrigerant 
would vaporize from solar heat dur- 
ing the day and liquefy at night. This 
way, the process could run in reverse 
at night, using the vacuum created by 
condensing vapor for the added driv- 
ing range. 

Lloyd T. Chambers Jr., Salisbury, N.C. 


Used frozen water cylinders are stored 
indoors during the day to thaw, and 
then refilled with oil. At night, the can- 
isters are moved outdoors to freeze for 
the next day's driving. Inventor Bo 
Nordell should be interested in your 
refrigerant idea.—David Scott 


Corrections: J&J Trading, listed as a 
rubber-recycling company in "Technol- 
ogy Comes Home" [Aug.], has changed 
its name to Recycled Tire Products 
Corp., One Briar Dr., Kelton, Pa. 
19346. 

The volume of the storage cavern 
in “Compressed-Air Power” [Aug.] 
should have read 19 million cubic feet. 
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Lux One-Fam, 138 Cu Ft, W'W Carpet, 


Magnif Liv Spce, 4-Drs, Hi Ceil, Easy 
Commute City/Shppg/Wilderness. New. 


Its good to find something that rewards 
your investment as handsomely as the new 
Montero. 

Consider it just as a 4x4: automatic-locking 
hubs, 4-wheel drive, and a 3.0-liter, 143 hp, V-6 
powerplant are all standard. They let Montero 
take you out where the Grt Vus are 

In comfort. "Off-road, the Montero handled 
the rough with grace," reported Motor Trend, 
"courtesy of its independent suspension with 
unequal-length A-arms, torsion bars, and anti- 
roll bar in front and solid axle with coil springs 
in back." 

But there's no sense in achieving such 
comfort and control off-road, only to feel sorely 
out of place on the highway So the Montero 
sophisticated suspension system is designed 


to be smooth-riding on the paved roads. 

Ааа the fact that the 4-door Montero provides 
nearly a third more interior cargo space than 
Jeep Cherokee or Isuzu Trooper Il, and you'll 
see why Motor Trend ultimately chose it Top 
Buy in the Sport/Utility Class for 1989. 

All this, and so Vry Rsnably Prod at only $17,099* 

Call 1-800-447-4700 for your nearest 
Mitsubishi Motors dealer. 


set by dirs. Тах, lic. freight, dir. options and charges extra, 
wheels—MS ЯР $464.) 


MITSUBISHI EA 
MONTERO 2: 


SUDDENLY, THE OBVIOUS CHOICE™ 


MY SON HAS A SON. TONIGHT WE DRINK GOLD. 


ҮҮНҮН ү 
I BEER 


Customized cubicle > 
Personal Environment Modules 
designed by Johnson Controls of 
Milwaukee allow office workers 
to adjust lighting, temperature, 
and airflow levels at individual 
work stations. Motion sensors 
turn everything down while you 
are away from your desk. 


Compass on a card V 


This compass floats on a puddle or 
a capful of water. Smaller than a 
dime, it comes attached to a set 
of waterproof cards listing 
survival instructions. The 4 

Life Card set, which fits 4 

easily into a wallet, al- 

so has a flat magni- 

fying lens for SAEI 

ing fires. Brunton 4 

U.S.A., 620 вау 

Monroe Ave., 

Riverton, Wyo. / 

82501. 


«Help phone 


Elevator phones 
often require cal- 
lers to speak or 
dial a number for 
emergency assis- 
tance. U.S. Com- 
Trac’s LOTEL 
eliminates multi- 
ple lines and iden- 
tifies a phone’s lo- 
cation when it is 
lifted off the hook. 


A е. 
SE 
`. « Centaur stage 

a Inside General Dynamics Space Sys- 
tems Division's building, the upper 


Super spinner A 
Equipped with motion detectors, 
Haven-Busch Co.’s oversize Cirkel- 


stage of the Centaur heads for its 
assembly dock. Paired with the At- 
las booster, the Centaur is to launch 
a Navy satellite this fall. 


Line revolving door accommodates 
wheelchairs, and matches the speed 
of the slowest user. With the motor 
off, door panels open on hinges. 
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Mini office > 

Less than % inch 
thick, the Folio- 
mate ($25) clips into 
a notebook binder. 
It carries supplies 
such as pencils, 
Scissors, and a let- 
ter opener. From 
Bedol International 
Group (1768 Fill- 
more Dr., Monterey 
Park, Calif. 91754). 


Bye-bye birdies A 
At Ben Gurion International Airport 
in Israel, this remote-controlled air- 
craft fires harmless pyrotechnic de- 
vices at birds, chasing them from the 
area so they can't interfere with air 
traffic. Air Birdstrike Prevention of 
Worcester, Mass., says the birds, 
mostly seagulls, quickly adjust to 
more traditional devices. 


<4 Close-up views 


Unlike most “no-focus” binoc- 
ulars, which can’t focus on ob- 
jects closer than 40 feet, Bush- 
nell's 7 x 35mm Spectator-Plus 
models have a close-up set- 
ting. Touch two buttons, and 
the $129 binoculars focus down 
to about 15 feet. 


“Tallest tower” title fight A 
The proposed Miglin-Beitler Building, supported by a cru- 
ciform concrete tube, would be almost 400 feet taller than 
the Sears Tower (left), the world's record-holder since 1974. 
If Chicago approves plans for the slender 125-story office 
complex, construction could begin next month. But Sears 
may retaliate by adding another 16 floors to its 110-story 
skyscraper, which was up for sale as this went to press. 
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It's a scientific fact...and one of Nature's marvels. During the 
early years of childhood, the human mind is best pro- 
grammed for learning a language — any language. 

That's why children learn so much more easily than adults, 
even before being able to read. They learn the same way they 
learned English — naturally — by listening, seeing, and imi- 
tating. In the international world our children will compete 
in — where so many Europeans and Asians start a foreign 
language early — a second language will be essential. Vital 
for competing with polished and accomplished peers. 


Sample ages for beginning a second language* * 


Age8 France Pre-School 


Pre-School 
Pre-School 
** Ages represent top schools and programs, compulsory language education usually begins several years ater. 


From the BBC, World Leaders in Language Education 
For the first time ever in the U.S.A., your child can learn 
French, Spanish, Italian or German using the most successful 
Language Course for Children ever created! 

Muzzy, a unique video learning program, is produced by 
the BBC — the world's foremost teachers of language. Spe- 
cifically designed for children (pre-school through age 12), 
Muzzy uses color animation, enchanting songs, and charm- 
ing, involving characters (including Muzzy himself), and 
teaches children to absorb a new language the same way 
they learned English. 

12550 easy and so much fun. In fact, most kids love to watch 
or listen over and over again, just like their favorite TV shows! 
Complete Language Learning Course! 
Everything needed for a child to master beginning French, 
Spanish, Italian or German is included. Four video cassettes. 
Two audio cassettes. An activity book and an excellent 
parent's instruction guide plus answer book. All in attractive, 

durable storage cases. 

Through listen-and-learn and see-and-learn, your child 
will begin speaking a foreign language from the very first 
day! He or she can learn alone, or you can help and learn the 


! 

language; too! No Risk Guarantee! 

Here is perhaps the greatest gift you will ever give your 
child...a second language. And at an astonishingly affordable 
price of just $145*, payable in four credit card installments. 
And there's no risk! If you and your child are not absolutely 
delighted, you may return the course within 30 days for a 
full refund. Order today from Early Advantage, 47 Richards 
Avenue, Norwalk, Conn. 06857. Plus $475 shipping handing per course. 


Age7 Spain 
Age8 Canada 


The BBC Language Course for Children 


Only Seven Years Old"... 


Give Your Child 
That Critical 
Early Advantage! 


By exclusive arrangement with the British Broadcasting Co. 
A program proven with thousands of European youngsters. 
And the whole family can learn the language, too! 


* Proven results for pre-school through age 12. © 1989 MBI 


The BBC Language Course for Children 


Satisfaction 


EarlyAdvantage 
Guaranteed 


47 Richards Avenue 
Norwalk, Conn 06857 
For Fastest Service — Call Toll-Free: 1-800-367-4534 


Yes! Please send me The BBC Language Course(s) for Children | have 
indicated. 1 understand only VHS format is available. 


(Please check appropriate items.) 
Language: FRENCH (15РАМІ5Н CITALIAN GERMAN 


Name 


PLEASE PRINT CLEARLY 
Address 


City/State/Zip 


Signature 
{Ай orders subject to acceptance) 


Charge each of four monthly $37.44* installments to my credit card: 
О VISA O MasterCard O Diners Club O American Express 


Exp. 
CreditCard No. Date. 


O I prefer not to use my credit card and will pay by check. Enclosed is my 
deposit of $50* for each course. | will pay the balance of $99.75* as billed in 
three monthly installments. 


‘includes one-time shipping/handling charge of $4.75. CT residents add 8%; TN residents add 7-1% 
sales tax Allow 2 to 4 weeks for shipment (4 to 6 weeks for Germani. 372-8479 


BY WILLIAM J. HAWKINS 


КА Н 
E 4 Make it neat 


Stow the keyboard in the Space- 
Saver when you're through comput- 
ing. The case is handsome, yet tough 
enough to support both the com- 
puter and its display. Non-skip pad- 
ded feet prevent the high-impact 
plastic from scratching the work 
surface. It's $40 from Curtis Manu- 
facturing Co. (30 Fitzgerald Dr., 
Jaffrey, N.H. 03452). 


Lofty idea > 


Hold up the pocket-size Air 
Velocity Indicator, and its 
LCD shows wind speed in 
mph, knots, feet per minute, 
or meters per second. It’s used 
for everything from boating to 
crop-dusting, according to the 
maker, Omega Engineering (1 
Omega Dr., Stamford, Conn. 
06907). It’s $99. 


Flip-over player > 1 ! тт 
Иә T Pio- i Communicator A 


Eo rate rd ‘Type on the Lightwriter, and the words 
c t 0 b ayer: urs appear on the front and rear LCD dis- 
tuf Em EE ate plays. Result: People with hearing or 
informa! De ү о. ж speaking impairments can easily com- 
ренда qu. municate with one another. Winner of 

1 е her eid. En the 1989 British Design Award, it's 
pilay ышар ашы ока made by Toby Churchill Ltd., 20 Pan- 


videodisc without ton St., Cambridge, CB2 1HP, England. 
your having to turn 


it over manually. 
How? Inside, a special laser 
head tracks one side of the 


disc then flips over to track zy | < Fake finder 
the other. Price: $1,200. pea P à 

/ ub any paper currency with the Vis- 
tatector. If the bill is good, you hear a 
tone, and a green LED lights. But if no 
magnetic particles are detected in the 
ink, the bill is deemed counterfeit, and 
the detector's red LED warns you. It 
costs $100 in real money from Vista- 
tech Enterprises, Ltd., 935 Broadway, 
New York, N.Y. 10010. 
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caret aera 


“STOCK UP 

ОП AC FILTERS 

BRD SAVE 

AS MUCH AS $8.8 Dw 


— Chuck Yeager 


Now's the time to get your car running right without emptying your wallet. 
With money-back offers on AC Spark Plugs, Air and Oil Filters. 
The copper-cored electrodes in AC plugs dissipate heat and resist fouling 
better than conventional electrodes. And between August 23 and November 5, 
get back 35¢ on each plug (limit eight). 
During this time you can also save $1.25 on each AC Oil Filter (limit two) and $1.75 on AC Air Filters 
(limit two). AC Oil Filters are designed to protect gasoline engines for up to 15,000 miles and 
AC Air Filters for up to 30,000 miles. Check your owner's manual for your 
car's recommended change intervals. 
For a nearby AC-Delco retailer with rebate details, just give me a call 
at 1-800-AC-DELCO. GENERAL MOTORS CORPORATION 


AC-DELCO. THEY ПОП JUST FIT. THEY MATCH. 


Flex lights > 


Powerful halogen lamps on 
flexible stalks can illuminate 
maps and directions without 
diverting the driver’s atten- 
tion. With lengths from 8 to 20 
inches, these lights made by 
Hella of West Germany are 
powered by the car’s battery 
via the cigarette-lighter outlet. 


Tuneup tools A 


This set of three test instruments con- 
tains the gauges you'll need to tune and 
adjust your car’s engine. The compres- 
sion gauge, multimeter, and timing light 
all fit into the set's carrying case. Op- 
tilux, 42 Jackson Dr., Cranford, N.J. 
07016. Suggested price: $130. 


Fuel-injection retrofit A 


The Pro-Jection throttle-body fuel-injection system 
replaces carburetors on non-computer-controlled V8 
engines for improved fuel economy and performance, 
says Holley Replacement Parts Division. The sug- 
gested price is about $900, depending on engine. 


4 Better seal Cassette-player lock A 


This P-shaped oil-filter This steel stereo cover fits into a car's cassette player and 
gasket seal preventsover- securely locks to deter theft. Installation and removal takes 
tightening better than seconds, says Blair Electrical Engineering Co., Clayton-le- 
traditional flat gaskets, Moors Industrial Park, Accrington, BB5 5JU, England. 


claims Wix Corp. (Box 
1967, Gastonia, N.C. 
28052). The replacement 
filter is available for most 
Japanese cars and light 
trucks. 
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If nothing lasts forever, 
. would you settle for a 
. Шейшпе? 


The first Pulse" gas furnaces were installed in 1981 
and have established a remarkable performance 
record. That's why Lennox increased the Pulse heat 
exchanger warranty from 20 years to as long as 
you own the furnace? 
Lennox even made the warranty retroactive to 
cover every Pulse residential furnace ever sold. That 
certainly shows their confidence in the Pulse’s reliability. 

Others have discovered how good the Pulse is, too. It received a Special 
Award for Energy Innovation from the U.S. 
Government. It has earned the Good ) 
Housekeeping Seal. And the accolades | 
of hundreds of thousands of home- y 
owners from coast to coast. 

If you would like to enjoy the special 
warmth only gas heat can deliver, plus the 
lifetime of energy savings a Pulse furnace 
can deliver, contact your Lennox dealer. 

You'll live happily ever after. 


LENNOX F 


*Covers replacement of heat exchanger parts and applies to original buyer. AN 


J 


е For comfort you 
F can afford, choose gas— 
Americas favorite way to heat 


“Take it from Dave 
Lennox, the Pulse 


a 
Housekeeping > 


то 
Ewer о uu 9% 


gas furnace 
built for keeps 


BY STUART F. BROWN 


What’s New 
RECREATION 


No focusing A 

The optics in the Jason Perma Focus 
2000 binoculars form an infinite depth 
of field, allowing the viewer’s eye to 
define and focus on objects from 40 feet 
to infinity, says Jason Empire Inc. (Box 
14930, Overland Park, Kan. 66214). This 
7x power model costs $129. 


Automated table tennis > 


Interested in a robot that returns shots 
with a mean backspin? Hammacher 
Schlemmer & Co. (147 E. 57th St., New 
York, N.Y. 10022) has one for $299. 


Suited for the road V 


The Aerostich Gore-tex motorcycling 
suit keeps out rain, is comfortable across 
a wide temperature range, and provides 
abrasion protection. Critical areas are 
reinforced with “ballistic” fabric and 
“visco-elastic” pads that stiffen on im- 
pact to absorb energy. Well-placed 
pockets, zippers, and reflective patches 
abound. Rider WearHouse, 8 S. 18th 
Ave. W., Duluth, Minn. 55806; $467. 


ШІ 


It folds > 


Most small-wheel 
folding bikes 
have been unsta- 
ble disappoint- 
ments. The Mon- 
tague BiFrame 
has full-sized 26- 
inch wheels that 
make it a capable 
city bike. Flipping 
two quick-release 
levers allows the 
30-pound cycle to 
be folded or un- 
folded in seconds, 
according to Mon- 
tague Corp., Box 
1118, Cambridge, 
Mass. 02238. Price: 
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Catamabike A 


Strap your bicycle onto 
this seven-foot catama- 
ran, and you're ready to 
pedal on the water. A 
pair of paddle wheels 
driven by the rear tire 
provides propulsion, 
while a rudder lets you 
steer with the bike's han- 
dlebars. The 70-pound 
catamaran's ABS plastic 
pontoons and aluminum 
frame give a stable ride, 
says Herrit Marine De- 
sign (134 Garfield Ave., 
Butler, Pa. 16001). Price: 
$750 plus shipping. 


BY V. ELAINE GILMORE Se SSS = -a — = 


Alnatice Алаа 

What S New Steamy news > 

R Steamworks from Black & Decker is a 
portable steamer for wallpaper re- 
moval. You fill its 13.5-ounce tank with 
water, flip the switch, wait 60 seconds, 
then press a button: Steam loosens the 
adhesive, and you can scrape off the 
si paper. A staffer who tried one says it’s 
Have pad, will travel V slower than a rental steamer but fine 
You can draw your plans at the job {ог small jobs. Price: $50. 

site—or anywhere else—with a port- 
able drafting board. 
The Draftette has an 
anodized-aluminum 
arm with a 360-de- 
gree protractor head 
mounted on the vinyl 
portfolio. It's available 
in 9-by-13-inch, 10-by-14- 
inch, and 13-by-18-inch 
sizes with architects', engi- 
neers’, or metric scales. Pric- 
es: $42, $47, and $77. PMC 
Industries, Inc., 6335 Fer- 
ris Square, San Diego, 
Calif. 92121. 


Armlengthener V 


No more ladders for 
overhead drywall 
work; no more kneel- 
ing when you work 
on a subfloor. Extend- 
A-Bit lengthens your 
Screw gun in two- 
inch increments. Sec- 


tions come two toa — B Grass cutter Y 

package; use as ma- You can cut, melt, and seal synthetic- 

ny as you like. Ex- grass outdoor carpet in a single pass 

tend-A-Bit is $20 a with Hot Tools' Model WB-1 knife. Its 

set. Goldblatt Tool # sharp tip reaches 850 degrees F. M.M. 

Co., Box 2334, Kan- Newman Corp., Hot Tools Division, Вох  SOft Sanders А 

sas City, Kan. 66110. Д 615, Marblehead, Mass. 01945; $20. But not too soft. Two rubber pads flex 

d " for sanding curves, but the third is stiff 

Қ J| enough for sanding edges. Five little 


sanding grips sneak into grooves and 
curves. The contour sanding set is $5.50 
from Woodcraft Supply Corp., Box 
1686, Parkersburg, W. Va. 26101. 


Passwort 


Literate lock > 
With the Password Padlock you don’t 
have to remember numbers, just pick 
a word (up to six letters) instead. The 
$15 lock, with metal casing and hasp, 
is easy to reprogram, says Homestar 
International (4473 Willow Rd., Suite 
250, Pleasanton, Calif. 94566). 
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lath for tile A 


Now you can install ceramic tile over 

almost any subfloor without fear of 

cracking grout or popped, cracked, or 

chipped tiles, says Laticrete Interna- 

tional (1 Laticrete Park N., Bethany, 

Conn. 06525-3498). When filled with spe- Waterproof concrete A 

cial mortar, the snap-together polyeth- Those drops of water in the photo won't penetrate 

ylene Pro-Float grid forms a 1⁄4- or %4- the concrete, but vapor trapped inside can escape 

inch-thick surface that "floats" over the to the sphere. GE Silicones’ TWR 255 water 

subfloor and is high in flexural strength. repellent is a silane-modified polysiloxane, or 
silicone-based, coating. Due to its crystalline struc- 
ture and cross-linking, or curing, characteristics, 
it resists liquid and chloride-ion penetration—elim- 
inating efflorescence and salt damage—but remains 
permeable to moisture vapor, preventing scaling 
and spalling of concrete, says GE (Waterford, N.Y. 
12188). Contractor applied only. 


Super-remote ventilated cook top A 


Most downdraft grill-range cook tops must be located 
near an outside wall for ventilation. Now Jenn-Air 
models, which have extra-large blowers, can be placed 
more than 50 feet from an outside wall, depending on 
ducting configuration. For locations closer than 30 feet, 
a removable restrictor ring decreases air movement 
to proper levels. Jenn-Air Co., 3035 Shadeland, Indi- 
anapolis, Ind. 46226-0901. 


Day-to-night pleated shades A 


Layered with colored fabric, an opaque 

layer, and white backing fabric, Nightfall pleated 
shades effectively darken rooms while preventing 
the shadows and silhouettes seen with other pleated 
shades, says Graber Industries (Middleton, Wis. 
53562-1096). Price depends on window size. 


< Extra-textured fiberglass shingles 


With deep shadow lines and an extra-thick profile, 
Woodlands Premier roofing shingles simulate the 
look of wood shakes and last at least 35 years, says 
Manville (1601 23rd St., Denver, Colo. 80216). Heavy 
fiberglass matting and extra-large ceramic-coated 
granules add to durability and fire resistance. Price: 
$59 per square (100 square feet). 
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Half the fun of owni 
ithas nothing 
to do with driving it. 


ғ 


Not that we don’t appreciate it, but you to have a good time. Unless 
„ Could be outside having a great time in- you want to. Because Power 
stead of sitting here reading a magazine Ram 50 is very comfortable 


If you had a Power Ram 50, for example, 
you could haul an ATV to the mountains 
and find out how long it takes to get mud 

« in your tube socks. Or pack enough camp- 
ing, scuba and fishing gear to rodeo from 


on cross-country escape 
routes. Besides, with 
4-wheel drive and an 
available V-6, it powers 
Have all the fun through dirt, sludge 


e 


Death Valley to Tierra del Fuego. lemetheme onthestore and sand as neatly as 
Not that you have your average midget bulldozer. 


to go out of your way Which, despite all this snap- p” 
You can bie more tents h the he, py prose, is a lot more fun to do 
М анын ы аты, {һап read about. 


The tough new spirit of Dodge. 


Are you still sitting here reading? The last thing we're going to. мүр buckie up Jor aE 
iat it, Now get going. 


than 
N 
(Т 
ж 


Power Ram 50 


eee 


cience Newsfront 


By ARTHUR FISHER 


Soviet pilot Anatoly Kvotchur s 
ejection seat as his MiG-29 div 


With his parachute having j 


Air-show drama 


Aviation history of a sort was made 
on June 8 at the Paris Air Show at 
Le Bourget airport as a horrified and 
transfixed crowd of spectators watched 
a Soviet Mikoyan MiG-29 plunge nose- 


without killing its pilot, Anatoly Kvot- 
chur. The miraculous escape was cap- 
tured in this unique picture sequence 
by Swiss photographer C. Gluntz. 
Kvotchur was attempting a maneu- 
ver called a slow-flight high-angle-of- 
attack pass at an altitude of 580 feet. 
The aircraft was accelerating when 
the right engine stalled, and the MiG 
went into a near-vertical dive. Kvot- 


parates from his 
steeply. 


first into the ground and explode, | 


escape pack are all 


chur had just enough time to get clear; 
the plane sank its nose into the wet 
ground a mere two seconds after he 
ejected. Almost at the instant the pi- 
lot touched ground, the plane exploded 
in a fireball. 

Somehow, Kvotchur suffered only 
minor injuries. 


New moon for Neptune 


The existence of a new moon orbiting 
the planet Neptune, tentatively dis- 
covered in June, was confirmed on 
July 5 by scientists on the triumphant 
Voyager Project at NASA's Jet Pro- 
pulsion Laboratory (JPL). Temporar- 
ily designated 1989 N1, the new moon 


The ballistically deployed parachute, ejection seat, and trailing seat 
ible as the jet crashes into the ground. 


opened, Kvotchur lands with only minor injuries. Simultaneously, the MiG-29 ex- 
plodes in flames, and the pilot’s ejection seat bounces off the ground. Elapsed time from ejection was two seconds. 


joins the two previously known Nep- 
tunian satellites: Triton, discovered in 
1846, and Nereid, discovered in 1949. 
Triton is between 1,500 and 2,500 
miles in diameter, Nereid between 200 
miles and 700 miles. 

The new moon was originally ob- 
served by Dr. Stephen P. Synnott, a 
Voyager imaging team scientist at 
JPL, when he found a small bright 
smudge in images returned by the 
Voyager 2 spacecraft as it hurtled to- 
ward Neptune. According to Synnott, 
the July images confirm a nearly cir- 
cular, equatorial orbit about 57,600 
miles from the planet's cloud tops, or 
73,000 miles from the center. The di- 
ameter, says Synnott, could range from 

Continued 
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Leading Edge Radar Detection Never Looked Better. 


қ 
Те New BEL VECTOR 3 Unequaled in performance, 
VECTOR 3 provides 
impressivel another important advantage- 
nc detection of Ka band police 
ban ete Melton radar, now being used in 
à both the U.S. and Canada. 
While VECTOR 3’s compact and well executed In addition, VECTOR 3's high quality and ergonomic design 
design can be confirmed by your eye, its performance make driving with the world’s most advanced radar detector 
advantage is confirmed by a number one rating in the most easy, convenient, and reliable. With 
recent test conducted by Road & Track magazine: VECTOR 3, leading edge radar uua > Т 
Б “Vector 3 maintains a BEL tradition of excellent detectionmeyer locked betters KELE 112 TR 
sensitivity, posting the highest figures in this survey for Fully featured, VECTOR 3 Orena Mor 
both K and X band radar.” Road & Track is $299.95 and comes with a one н 
Making this accomplishment even more impressive is year warranty on parts and service. 
the fact that VECTOR 3 posted the highest K and X band A remote version, VECTOR 3R, 
sensitivity levels ever recorded in any radar detector test! is also available for $319.95. шелді. 
" Road Paro XK 
VECTOR 3% top-rated performance is achieved by To order, or for the name of ШЕЛ 
adapting a technology used in military satellite communica- a dealer near you, just call toll-free: | $m. и 
tions. It’s called Image Rejection Technology", or IRT*. And 1-800-341-1401 USA [<n < ge amm 
through its use, VECTOR 3 is able to identify weak police 1-800-268-3994 Canada 
radar signals that other detectors simply miss — a definite EH zr Фф 


advantage for detecting Instant On or Pulsed radar. And New 3 band radar detectors for use in Europe are now available. Please inquire for 
when Instant On or Pulsed radar is encountered, VECTOR "оге information. Registered trademark of BEL-TRONICS LIMITED. 


» 3 warns you with a separate audio alert. 
The Technology Leader In 
3 Band Radar Detection. 


BEL-TRONICS LIMITED 
The Intelligent Choice 


From new car or truck to one that's older, from classic to 
exotic . . . whatever your answer, you're right. With Rislone® 
Engine Treatment in the oil of any car or truck engine, you 
can count on performance like this: 

In new vehicles, Rislone prevents engine deposits; prolongs 
smooth, powerful engine operation. In older vehicles, it 
removes power-robbing varnish, gum and sludge; quiets 
noisy valves and lifters; and assures a quieter, smoother 
running engine. 

So, whether new or old, 4-, 6- or 8-cylinder, reach for a 
quart of Rislone. From first oil change to last. "ығына шеше 


FREE Lube Tips booklet. Write today. лк 


The Shaler Company • Dept. 5109 . PO. Box. 471 « Waupun, WI 53963 • © 1989 The Shaler Company 


Jindal Cedar Fomes 


You ate dapent 
build a Lindal Cedar Home. Our flexible 
building system allows you to create the home 
of your dreams, with all the features you want 
most. Call toll free or write for your 200-page 


C Rush me your 200-page Planbook, $10.00 
D Also include your Planbook Video, $19.95 


І I 
І | 
1 1 
1 i 
| І 
| ie aaa i Planbook, with 90 plans, hundreds of color 
І 1 
1 l 
1 ! 


es Р = photos and a helpful planning guide. 
"— — Zp. 


ALindal Cedar Homes 


P.O. Box 24426. Dept. AZO, Seattle, WA 98124 (206) 725-0900. 
J 10880 Dyke Road, Dept. AZO, Surrey, B.C., Canada УЗУ 7Р4 
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Science Newsfront continued 


between 125 to 400 miles. 

In early July, Voyager 2 was 43 mil- , 
lion miles away from Neptune and 
headed for a close flyby of the planet 
on August 24. It will be the final plan- 
etary encounter for the Voyager 2 
spacecraft, which was launched in 
1977, and flew past giant Jupiter in 
1979, Saturn in 1981, and Uranus in LI 
1986. [Flash: On August 4, JPL an- 
nounced the discovery of three more 
moons. More will probably be found.] 


Buzzing the rabbiteye 


Entomologists at the U.S. Department 4 
of Agriculture and Auburn State Uni- 
versity have discovered a previously 
unknown bee they have named the 
“blueberry bee" because it is essen- 
tial to the pollination of the rabbit- 
eye blueberry. The rabbiteye, found 
mostly in the Southeast, is one of the 
three main types of blueberries grown 
commercially in the United States. 

In the photo below, a female blue- 
berry bee is seen foraging for pollen 
and nectar from a rabbiteye blueber- 
ry flower. 

In the photo at right, entomologist 
Jerry Payne of the Agricultural Re- 
search Service's Southeastern Fruit 
and Tree Nut Research Laboratory in 
Byron, Ga., uses a bionic ear to listen 
for the telltale “sonication” of the bee. 
Seems that as it probes for nectar, the 
bee also loosens a cloud of pollen by 
buzzing. Pollen particles are scattered 
by the sound energy generated by rap- 
idly vibrating indirect flight muscles. 


Only the female blueberry bee buzzes 
these rabbiteye blueberry flowers. 


The motion resembles that of a tun- 
ing fork and can’t be seen by the na- 
ked eye. 

Whereas the honeybee can’t polli- 
nate the rabbiteye blueberry flowers, 
the longer-tongued blueberry bee can. 
The discovery promises future im- 
provements in the size and yield of the 
* berries. The 1988 rabbiteye blueberry 
crop was worth about $3.5 million. 


Metallic hydrogen 


Geophysicist Ho-Kwang Mao and phys- 
ical chemist Russell J. Hemley have 
қ reported to the National Science Foun- 
dation the successful transformation 
of gaseous hydrogen into a solid with 
the properties of a metal. Working at 
the Geophysical Laboratory at the 
Carnegie Institution of Washington, 
D.C., the two scientists squeezed hy- 
drogen for the first time to pressures 
exceeding 2.5 megabars, or 2.5 mil- 
lion times atmospheric pressure at sea 
level. That approximates the crushing 
pressure at Earth’s core. 

Theoretical physicists predicted as 
long ago as 1935 that hydrogen could 
be made into an atomic metal under 
tremendous pressure, but that goal 


has eluded experimenters until now. 
Hydrogen, the simplest and most abun- 
dant element in the universe, has an 
atom consisting of a single electron 
orbiting a nucleus that is a single pro- 


Entomologist Jerry Payne eavesdrops 
electronically for the typical buzzing 


sound of the blueberry bee. The vibra- 
tions stir up clouds of pollen. 


ton. Pure hydrogen, a gas at normal 
temperatures and pressures, exists as 
a two-atom molecule, with the two 
electrons forming a stable shell. 


But under extreme pressure, theory 
Continued 


A PICTURE WINDOW IS 
WORTH ATHOUSAND WORDS. 


PF beautiful bow window may be just what 
you need to wrap up your home. Or maybe it's 
a bay. No matter how you want your picture 


| window to hang, Marvin Windows will build 


itto fit. Because at Marvin we build every 
window to order. Picture Marvin Windows in 
your home with the help of our free full-color 
Idea Book. To order, call toll-free 1-800-346- 
5128 (In Minnesota, 1-800-552-1167) or 
return the coupon below. 


Name 


MARVIN WINDOWS 
ARE MADE TO ORDER. 
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goes, the distance between hydrogen 
molecules could be reduced so much 
that it became roughly equal to the 
distance between atoms in a hydrogen 
molecule, And when that happened, 
molecular structure would crumble, 
and the result would be a solid con- 
sisting essentially of a lattice of hy- 
drogen nuclei—protons—in a sea of 


Although only 25 feet long, this recently flown prototype of the British CMC Leopard executive jet carries four pas: 


electrons. In other words, a metal. 

Mao and Hemley did not reach the 
metallic form in a single stage, but 
went from a gas to a transparent, in- 
sulating solid, then to a semiconduc- 
tor, and finally to the metallic solid. 

“Instead of transforming abruptly to 
a fully metallic at a critical pres- 
sure,” Hemley said, “the hydrogen 
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engers. 


changes gradually over a wide pres- 
sure range. It becomes brown and 
finally black. At the highest pressures, 
the electrons in the material appear 
to undergo electronic transitions ex- 
pected for a metal.” 

The hydrogen was compressed in a 
diamond anvil, a device with the min- 
ute plane surfa of two precision-cut 


Kent 
Passes 
the Test... 


Whether your home is city 
formal or country casual, 
ка 552 
complement г, 
cack fes окт 
Fire, rustic Sherwood, stylish 
Ultima and classic Log Fire 
insert— features a variety of 
design options that allow you 
to tailor them to your specific 
tastes. 


But a Kent can do more 
than just decorate your room. 
Our entire line of freestand- 
ing woodstoves and fireplace 
inserts has been built to meet 


gem-quality diamonds. Diamond is the 
only material strong enough to with- 
stand the pressure without cracking. 
The sample of solid hydrogen com- 
pressed in the anvil was microscopic 
—one-trillionth of a cubic inch in 
volume. 

Planetary scientists believe metal- 
lic hydrogen may form within the 
giant gas planets Jupiter and Saturn, 
where pressures may exceed 20 mega- 
bars. If so, the material could account 
for the planets’ electromagnetic pro- 
files. Geologists studying Earth’s core, 
where pressures may be as high as 
3.5 megabars, are intrigued by the 
possibility that metallic hydrogen—in 
addition to iron—is present there. 

And some theoreticians speculate 
that metallic hydrogen might even be 
useful as a high-temperature super- 
conductor, as a reactant in fusion ex- 
periments, and as a rocket fuel with 
an extraordinarily high thrust-to- 
weight ratio. 


Tiny executive jet 


No, not a plane for diminutive execs, 
but one that is amazingly short, con- 
sidering it’s a four-seater. The photo 


(left) shows the British built and de- 
signed CMC Leopard, which first flew 
last December, and should go into pro- 
duction in the early 1990s. 

Built of glass-reinforced plastics, the 
craft will have two turbofan engines 
developed by Noel Penny Turbines 
Ltd. It will have sophisticated electron- 
ics, auto pilot, and a de-icing system, 
and be fully pressurized. Its projected 
range would take it from London to 
Rome without refueling. 

The project has been headed by Ian 
Chichester-Miles, former chief re- 
search engineer at British Aerospace. 


Maglev planes? 


Maglev stands for magnetic levitation, 
as all readers of POPULAR SCIENCE 
know by this time. The word follow- 
ing maglev is usually train. But a new 
study by engineers and economists at 
Argonne National Laboratory sug- 
gests that because of the constant air 
gap between a maglev vehicle and its 
guideway, such vehicles could be 
thought of as low-flying aircraft. 
Indeed, the report states that super- 
conducting maglev vehicles could be 
an ideal substitute for planes on short 


intercity trips. Savings in fuel, to- 
gether with a reduction in the costs 
of airport congestion, should be 
enough to pay for a maglev system 
linking airports in major cities from 
100 to 600 miles apart. 

Superconducting maglev systems 
have been shown to be effective based 
on low-temperature superconductors, 
the report notes; with the discovery 
of the new high-temperature super- 
conducting materials, it may now be 
possible to build powerful magnets 
that are smaller and less expensive 
than before. 

“Potential speeds of three hundred 
miles per hour,” says Larry Johnson, 
director of Argonne’s Center for Trans- 
portation Research, “make the airline 
market, rather than the train market, 
the primary application for maglev 
vehicles.” 

This country pioneered in maglev 
research in the 1960s and 1970s, but 
funding for development of the new 
technology evaporated in 1975. Re- 
search continued, however, in West 
Germany and in Japan, and both of 
those countries have now built full- 
scale working models of maglev trains 
[Dec. 73, Oct. '84]. 
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Strategically placed 
ceramic panels inside 
the firebox increase 
heat retention, as 
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THINK OF IT AS A BRUTE WITH FEELINGS 

LIKE MOST 4X4 TRUCKS, THE MAZDA B2600i 
IS BUILT TO PLAY ROUGH. FIRST OFF, IT CAN 
HANDLE NEARLY ANY OFF-ROAD CONDITION, FROM 


DESERT SANDS TO RUGGED MOUNTAIN TRAILS. 


AND SINCE IT’S EQUIPPED WITH A 26 LITRE ENGINE, 


THE MOST POWERFUL FOUR IN ITS CLASS, IT 


© 1989 Mazda N 


DOESN'T JUST DRIVE OFF-ROAD—IT CONQUERS IT. 
Bur wHAT REALLY SETS THE B2600i APART 
IS HOW IT FEELS TO DRIVE. DEVELOPED WITH 
KANSEI ENGINEERING, IT HAS BEEN CREATED TO 
GIVE YOU A DRIVING EXPERIENCE YOU WON'T 
EXPECT FROM A 4X4. A FEELING OF COMFORT, 


CONFIDENCE, AND CONTROL. IN FACT, ITS SO 


THE GREAT DIVIDE. 


COMFORTABLE YOU MAY FORGET HOW TOUGH IT Is. TEST DRIVE А B2600i. IT'LL FEEL OUT OF 


Вот MAKE NO MISTAKE, THIS TRUCK IS THIS WORLD. AND ODDS ARE, IT COULD TAKE YOU 
,DESIGNED FOR TOUGHNESS. AND DESIGNED WELL, THERE. FOR ADDITIONAL INFORMATION, CALL 


FORIT ALLOWS YOU TO GET INTO 4-WHEEL DRIVE THIS -FREE NUMBER: 800-424-0202. 


mazDa 
IMPORTANT, IT ALLOWS YOU TO RETURN TO CIVI- ES 
LIZATION JUST AS EASILY. T JUST FEELS RIGHT: 


WITH THE SHIFT OF A LEVER. AND JUST AS 


Automotive Newsfront 


By DAN McCOSH Detroit Editor with Stuart E Brown in New York and Brian Nadel in Phoenix 


The front-wheel-drive Nissan Stanza is 
powered by 2.4-liter single-overhead- 
cam engine that produces 138 hp. The 


Stand-up Stanza 


The 1990 Nissan Stanza is roughly the 
same size as the car it replaces—give 
or take an inch here and there. How- 
ever, the four-door notchback has one 
of the largest cabins in the compact 
car class. Interior volume is 91 cubic 
feet, two more than the Toyota Camry 
and Honda Accord, but still less than 
the Plymouth Acclaim/Dodge Spirit. 
The Stanza has an abundant 14 cubic 
feet of trunk space. 

Exterior styling is still a little boxy, 


Gear shifts in LuK Torque Control Iso- 
lation transmission are computer con- 
trolled for optimum efficiency. The 
driver moves the shift lever as in a 
manual transmission. Sensors monitor 


GXE model (shown above) is equipped 
with anti-lock brakes and cast-alloy 
nine-spoke wheels. 


but the sharp corners have been 
rounded. And overall the car has a 
smooth, integrated look, despite a 
disappointing 0.34 coefficient-of-drag 
rating. The Stanza is driven by a 
slightly detuned version of Nissan’s 
240SX sport coupe’s power plant that 
develops 138 horsepower. The front- 
wheel-drive car contains a viscous- 
coupling limited slip differential as 
standard equipment that allows it to 
be driven with confidence on wet pave- 
ment, or with wheels on different 
surfaces—a circumstance in which 


the shifter and transmission, and when 
the gas pedal is pressed, the hydraulic 
clutch is engaged. When the shifter is 
moved out of gear, the clutch is auto- 
matically disengaged. 


most front-drivers slide sideways. With 
the standard five-speed manual trans- 
mission, the car can accelerate to 60 
mph in 10 seconds, according to Nis- 
san; an electronically controlled four- 
speed automatic is optional. The car’s 
suspension is MacPherson strut— 
front and back—and provides a sta- 
ble, firm ride that is well-behaved on 
a variety of road surfaces. 


Computer-controlled clutch 


The Torque Control Isolation system 
designed by LuK, Inc., attempts to 
span the gap between automatic and 
manual transmissions, giving the best 
of both worlds: economy, efficiency, and 
control of a manual, with the ease of 
use of an automatic. There is no clutch 
pedal, and sophisticated electronic sen- 
sors and a computer monitor the oper- 
ation of the hydraulically activated 
clutch. The shifter sensor (see draw- 
ing below) instructs the control com- 
puter of the driver's intent to shift 
gears, and the transmission sensor 
sends a confirmation when the gear 
is in place. The driver merely slides 
the shifter into gear, and the control 
computer does the rest, engaging the 
clutch when the accelerator pedal is 
pressed. The speed and amount of 
clutch engagement is determined by 
the throttle-position sensor. Whenever 
the shift lever is moved out of a gear, 
the computer instructs the hydraulic 
system to disengage the clutch. The 
clutch is engaged when the next gear 
is in position. 

LuK engineers say the system is not 
only quieter than a conventional au- 
tomatic transmission, but it also makes 
it impossible to stall or over-rev the 
engine, and the computer-controlled 
clutch slips slightly to absorb engine 
surges or spikes. LuK engineers have 
installed a prototype version of the 
Torque Control Isolation system on an 
Opel Omega for testing, but company 
officials say the transmission can be 
adapted for heavy-duty truck use.— 
B.N. 


Asbestos-free autos 


The EPA has set a timetable for the 
phase-out of cancer-causing asbestos 
products. By 1996 all clutch, friction, 
and other parts that currently contain 
asbestos will have to be replaced by 


substitute materials. 
Continued 
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' CHANGE YOUR OIL 


INTO A 


ЕТТІ 
8 5ЫРРЕНЕЯ 


PATENTED ENGINE TREATMENT 


The next time you change 
your oil, REALLY change 


it...into the engine treat- 
ment it could be, it should 
be! 


It’s easy to make your engine run better, last 
longer. Just change the oil and filter and add 8 
ounces of Tufoil to the crankcase. After that, add 
4 ounces each time you change your oil. Tufoil is 
so fine that you don't have to shake the container 
or add an pue ine flush. Just pour it in and drive 
away. You'll keep that engine purring like new! 


Your зое will get silky smooth...acceleration 
will improve. One customer said his car "takes off 
like a scared rabbit!" Tufoil works wonders for all 
known engine oils. It’s actually slipperier than 
Teflon®. (according to a famous US government 
laboratory.) 


‘You'll get astonishingly fast starts on cold mom- 
ings with both diesel and gas engines. The 
Canadian government tested at its cold 
те) . They showed faster cranking and sig- 
nificant fuel savings with TUFOIL. Better on 
desert like hot days too, 


Owners of very expensive German diesels oie in 
wanting to buy stock in our company. 
their diesels are accelerating like nothing Д 
everseen before. One said he doesn't һауе to down 
shift any more on an annoying hill in his area. 
Your car can have more power like that too! 
One customer put it nicely when he said, "You сап 
hear it...you can feel it", after adding Tufoil to his 
engine! 
Мо other lubricant сусп comes close, 
Т M Products based on — 0 
1 one with each order of 2 bottles or a quart. Check 
| gallon order. Values range from $3.98 to $9.95. 
О TUFOIL Gun-Coat — 
О TUFOIL Compu-Lube — Low viscosity for 
1 ^ mechanisms 


| 0 TUFOIL Lightning Grease — Easily sheared grease for 


instruments 


FLUON" is teg TM of ICI Americas Inc 


TEFLON® is reg T M of DuPont" 


'cnnology. Check 1, 


Super rust inhibited, smooth action 


icem 
eed porsan reported 


Don't forget! TUFOIL is the result of over 15 
years of research and development. The US. 


[aoc bari us 6 patents so far...so 

England, France and Canada. No 
other engine lubricant containing PTFE can make 
that claim! 


Reported widely in famous acest jour- 
nals...The University of South №; 
Technion ba Побег (Israel), jeden Cold 


MOST 
КА ОЧ LAB. and many others. 


Some products claim to be a permanent, one-time 
treatment or to last 50,000 miles. Ridiculous! 
There is no lished data in any respected scien- 
tific Joumal to substantiate such 


Engines last longer 
with Tufoil 


Our 1976- 460 T-Bird is now at 190,000 miles and 
purring. 
customers’ cars have passed 250,000 miles. 
grows rapidly. 
е months ago, а gentleman I'd never seen 


before walked into our offices, big smile on his 
face, sat down and said, "Would believe 
340,600 miles on a Tufoil engine?" | went on to 


rave about how well his 

all these years. E етін r 

Mor а truck driver called in with over 
miles 9а a diesel using TUFOI 

SPECTACULAR 


А customer from m added 10% TUFOIL 
to his sticky mechanical transmission, called in and 
said he couldn't believe it..."Shifting is like slicing 
butter now!", he sai 


SAAB owners are writin: 
TUFOIL in their " magazine. 

report spectacular improvements in their engines 
and m. manual irenensistionel 


ЕН ту TUFOIL order: 


О ONE 8 oz. bottle... treat one car for 
$14.25 (plus $3.50 shipping and 
handling). See money back 
guarantee. 


О TWO 8 oz. bottles . 


letters praising 


2 for each | 
computer 


. treat two cars 


handling.) 


| о TUFOIL Lubit-8 — General purpose, household use | for $2500 (plus $4.00 shipping 
| lubricant 1 and handling) SAVE 56.00 
І brochures . 
© 30 Questions/Answers about TUFOIL 1 о ONE Quar bottle . . . treat 4 cars 
| 5 “Fun with Superconductors" — we're leading that field | for $34.95 (plus $4.00 shipping 
too! 1 апа handling) 
| Tos 1907 ond tees ептен аєа. Ø i сомесашон... treat 16 cars for 
| ©1987 Fluoramics, Inc. nies ( $125.00 (plus $6.00 shipping and 
1 
| 


one US Patents sued эла penang Ё 


js absolutely 


ل 


We ship within days! 
MONEY BACK GUARANTEE ON 8-02. 


PS--Our 


г loyal customers wrote this ad for us. Its 
full of their comments ! 


Thanks / 


TREAT YOUR CAR TO ONE 8 OZ BOTTLE 
OF TUFOIL FOR ONE OIL Е 


You'll notice quieter-smoother: tion, quicker 
acceleration ! jou don't, just 
send us of with a note describing 


the year and make of your car. We'll refund your 
money immediately- 

Send for TUFOIL today and prove to yourself the 
amazing increase in your performance. Fill 
in the coupon today orcall TOLL-FREE any time, 


2А hours a day. 


1-800-922-0075. 


fin New Jersey, call 201-825-8110.) 


Fluoramics, Inc. rie | 


(N.J. residents please add 6% sales tax). Orders to 
Canada: Send check or money in U.S. currency. Add 
$10 extra shipping charge. 


103 Pleasant Avenue Н 
Upper Saddle River, N.J. 07458 І 

My check or money order for $ is enclosed. 
Charge my credit card: ! 
О Ат. Express. Master Card O Visa | 
Card No. І 
Exp. Date І 
Phone No. І 
Мате І 
Address і 
оу [ 
State Zp ! 
І 
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Gumdrop bodywork encapsulating the Pacifi 
look is calculated to counter “scary-motorcycle” anxiety in the unin 
pair of strapping melons arrive at the picnic 


Bike with a trunk 


For several 
makers have 
sales. Three 
indu 


years, most motor 

ed increasingly grim 
factors contribute to the 
ry's doldrums: bargain-priced 


ite unbruised. A gas-cha 


models left over from market-share 
wars of the recent past; an abundant 
supply of affordable used bikes; and 
the often-fatal sticker shock many 
younger would-be buyers experience 
on the showroom floor. 


st (above) lets it slip unruffled through the tream. 
ту this with your pl. 
inder opens the trunk lid—just like a c. 


JOHN B. CARNETT 


he soft-edged 
in-Jane bike (right 


Honda hopes it has figured a у 
out of the decline: Aim for a some- 
what older crowd, the style-conscious 

ional earning a substantial in- 
' who might not have previously 
considered the sport of motorcycling. 


Flushing 
With Water Just 
Doesnt Wash. 


Sounds plausible, but what if these 
yuppie bikers are put off by the stark- 
ly mechanical—even dangerous—look 
of many motorcycles? No problem. 
Bring in the automotive division's styl- 
ists to sculpt a flowing, all-enshroud- 
ing body. 

Make the instruments and controls 
—though no less complex than the av- 
erage cycle's—appear simple and in- 
viting. Then incorporate à handy 
trunk into the machine's scooterlike 
rear end. Hey...wait a minute! A 
bike with a trunk? Come on now... 
But, yes, that's the Pacific Coast, 
Honda's user-friendly and altogether 
carlike departure from the traditional 
motorcycle. 

Collecting a PC for a road test (and 
reflecting on those initials), I thought 
it looked ponderous, something like 
the leviathan touring bikes that have 
always reminded me of 1960s Buicks. 
Climbing aboard, I felt vaguely em- 
barrassed about the trunk, and de- 
prived of visual contact with the metal 
innards of the machine. Sure enough, 
out on the road, it wasn't too long be- 
fore a wag on a BMW cycle pulled up 
and inquired: "Is there a bike in 
there?" Ho ho ho. 


The rest of the cyclists who looked 
the machine over took a more respect- 
ful tone, with many voicing admira- 
tion for the futuristic packaging mixed 
with curiosity about what it concealed. 
None of this prepared me for the exu- 
berant reactions of pedestrians who 
clearly didn't know the first thing 
about motorcycles. It's safe to say the 
Pacific Coast made a winning fashion 
statement on the streets of Manhat- 
tan, where one observer shouted, *Yo, 
what is that? It looks beautiful!" 

Enough about looks. The bike turns 
out to be a charm to ride. It's truly at 
home on interstate highways, where 
it will hum along plushly all day. But 
the big surprise is the PC's perform- 
ance on twisty roads, where the bike 
leans into turns with unexpected ease 
and stability. A low center of gravity 
contributes to this good behavior, 
which is equally evident during park- 
ing-lot maneuvers. The PC's 800-cc 
V-twin engine is set low in the frame, 
where it belies the machine's 635- 
pound fueled weight. The big rubber- 
mounted twin is tuned for low- and 
mid-range torque, which it delivers 
amply and smoothly. Capable brakes 
and suspension complete the package. 


Minimal maintenance is a key ele- 
ment of Honda's Pacific Coast strat- 
egy. After all, the type of new buyers 
they want probably don't work on their 
cars. With a hydraulic clutch, hydrau- 
lic valve adjusters, electronic ignition, 
a maintenance-free battery, and shaft 
final drive, there's not much to do 
beyond oil and spark-plug changes. 

The verdict on the Pacific Coast? At 
$7,700 it’s an expensive but genuinely 
satisfying mount for the sporty-minded 
touring rider, who'll be able to stow a 
good amount of gear—safe and dry in 
that whimsical trunk. The acres of 
wind-tunnel-refined body panels— 
well, you either like them or you don't. 
While they efficiently manage the flow 
of air around the bike, they also shout 
PLASTIC! On’ balance, the PC is a 
demonstration of imagination during 
hard times on Honda’s part. But will 
it fly? Only if those high-earning, 
design-maven types really do want an- 
other new appliance that’s also a 
motorcycle.—S. F. B. 


Ozone-friendly hoses 


Taking a slightly different tack on the 


ozone-depletion problem, Goodyear en- 
Continued 


Prestone Super Flush does. 


ї 


Deposits Deposits 
removed using removed using 
Super Flush water alone 


And there’s nothing to it. Just pour the Super Flush di- 
rectly into your radiator. Simply run your engine and drain it. 
In no time, you'll have a clean cooling system that'll keep your 


engine humming. 


And if you flush with Prestone Super Flush, refill your sys- 
tem with Prestone” Advanced Formula Anti Freeze and register, 
we'll guarantee your radiator for a full year. 

So when it's time to flush, remember the 
right way to flush. Prestone Super Flush. 


-s 
- 
^ | 
- 


Super Flush your cooling system. Because Prestone" 


Super Flush cuts through 5396 
more oil, dirt and rust than 
draining and flushing with water 
alone. Super Flush power-cleans 
the clogged radiator passages 
that could destroy your cooling 
system and lead to possible ' 


engine breakdown. 


3... 
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gineers are trying to limit the amount 
of chlorofluorocarbons that escape 
from a car's air conditioner. Accord- 
ing to the company, they have devel- 
oped a new air conditioner hose with 
a barrier layer of nylon that lowers 
the leakage of ozone-depleting R-12 
chlorofluorocarbon by 90 percent. 


Quiet tires 
Resolving the conflicts that exist be- 
tween performance and comfort in a 


tire design has never been easy. Too 
soft and control is lost; too hard and 
ride quality suffers. Now Goodyear has 
come up with a performance tire that 
is quiet over the road and gives a 
smooth ride, yet tenaciously grips the 
road. 

The Eagle GA radial is based on the 
successful Eagle GT line of tires, but 
with the advantage of using computer- 
aided design to quell many of the 
unsettling aspects of performance 
tires. Beale Robinson, Goodyear chief 


а ih i lS a 


Since radar displays only one number, the operator has the responsibility to decide which vehicle is being clocked. 


Why radar makes mistakes. 
How to protect yourself. 


hs hard to believe, but traffic radar does 
not identify which vehicle is responsible 
for the speed displayed. It shows only a 
speed number. The radar operator must 
decide who to blame, 

How radar works 

The radar gun is aimed at traffic and it 
transmits a beam of invisible radar waves. 
Moving objects reflect these waves back 
to the radar gun. Using the Doppler principle, 
the radar calculates speed from the 
reflected waves. But there's a problem. 

The best guess 

Remember, these reflections are in- 
visible. And truck reflections can be ten 
times stronger than car reflections. How 
can the operator know for sure which vehicle 
is responsible for the number? 

The truth is, in many cases he can't 
be sure. The result? You can be ticketed 
for somebody else's reflection. 

The only way to defend yourself 
against these wrongful tickets is to know 
when radar is operating near you. 


Self Defense 
We specialize in radar warning. Escort 
and Passport have a unique warning 
system that tells you radar strength—with 
both a variable-rate beeper and a visual 
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meter. You'll know when the radar unit is 
near enough to have you under surveillance. 

Car and Driver, Popular Mechanics 
and Roundel magazines have each tested 
radar detectors. And each gave us their 
highest ratings. Call toll-free and we'll send 
reprints of the complete tests. 

We're as close as your phone 

To order, call toll-free. Orders in by 
6:00 pm eastern time go out the same day 
by UPS and we pay the shipping. 

And we guarantee your satisfaction. 
If you're not entirely satisfied within 30 days, 
return your purchase. We'll refund your 
money and shipping costs. 

The best defense against wrongful 
tickets can be in your car tomorrow. 


Toll Free 1-800-543-1608 


(Call Bam-midnight, 7 days a week) 


ESCORT 


RADAR WARNING RECEIVER 
pod 


ESCORT $245 (OH res. add $1470 tax) 


PASSPORT 


RADAR- 


PASSPORT $295 (он res. add $1770 tax) 


Cincinnati Microwave 

> Department 601609 
One Microwave Plaza 
Cincinnati, Ohio 45249 


© 1989 MI 


engineer of passenger tire programs, 
explains that the proper placement of 
small, compliant tread elements that. 
soak up road noise and vibration (see 
drawing) is the key. He says that 
Goodyear tests show the Eagle GA 
gave off 84 decibels of road noise, com- 
pared with 88 decibels for standard 
radial tires and 91 for high-perform- 
ance tires, when driven at 62 mph. 
To test traction, Goodyear engineers 
used a skid trailer where the tires 
were analyzed for slip against the 
pavement. According to Robinson, 
the GA radial scored about 10 per- 
cent better than standard tires and 
is only marginally inferior to high- 
performance tires in dry-pavement 
tests. 

Thad a chance to try these tires out 
for myself on a variety of cars, from 
the Lincoln Continental to the Nissan 
Maxima, while driving from Phoenix 
to the Grand Canyon and back. The 
tires gave a consistently comfortable 
and quiet ride, even when pushed to 
the limit. And that's exactly what 
happened when I drove into a reverse 
camber turn, going just a little too 
fast. The grip held fast and remained 
mannerly and controllable at all 
times. 

Robinson says these tires were “de- 
signed to complement the chassis of 
the world's finest touring sedans." The 
Eagle GA will be available at first 
only as original equipment on luxury 
sports sedans, such as Toyota's Lexus 
LS 400.—B. N. 
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T- BLADES 
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GROOVES 
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Goodyear Eagle GA tire has circumfer- 
ential grooves and lateral blades to 
drain water and provide lateral grip; 
200 grooves enhance traction. 


How to build a high-paying career, 
even a business of your own, 
in computer programming. 


baud internal modem, 512K RAM, C, and COBOL. Then, rounding out 
disk drive, monitor, and invaluable your training, you use your modem to 
programming software— BASIC, Pas- “talk” to your instructor, meet other 
cal, C, and COBOL all yours to keep. NRI students, even download pro- 
You get the experience and the grams through NRI's exclusive pro- 
know-how, the computer and the grammers network, PRONET. 
software to get to the heart of every 
programming problem, design imagi- Your career in computer 
nae lutions then ise Jou юс. programming begins with 
сор guag your FREE catalog from NRI. 


build original, working programs. 


ground, For all the details about NRI's at-home 
vm Майен уои training in Computer Programming, 
need to succeed in programming, send the coupon today. Soon you'll 
today's th receive NRI's fascinating, information- 
Pg packed, full-color catalog. 


computer career field. 
You need no previous experience to Open it up and you'll find vivid 
build a successful programming career descriptions of every aspect of your 
CARL BARONE, with NRI training. Indeed, your NRI NRI training. You'll see the computer 
NRI PROGRAMMER/ANALYST lessons start by walking you step by system included in your course up 


step through the fundamentals, giving close іп a special, poster-sized foldout 
Start with training that gives you you an expert understanding of the section. And, best of all, you'll find out 
hands-on programming experience programming design techniques used how your NRI training will make it 
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Electronics Newsfront 


By WILLIAM J. HAWKINS with Mariette DiChristina, Len Feldman, Richard L. Stepler, 
Dawn Stover, and Jack Wynn 


Max Neuhaus tests the speaker system 
of a siren he invented. The sound is 


Sounding off. . safely 


Pedestrians pausing on a safety island 
in the middle of a busy Manhattan 
street can hear a rich hum resonating 
against the backdrop of honking horns 
and squealing brakes. The hum is the 
brainchild of Max Neuhaus, who spe- 
cializes in creating “sound environ- 
ments.” A former percussionist with 
a master’s degree from the Manhat- 
tan School of Music, Neuhaus aban- 
doned his musical instruments in the 
late 1960s and went to study at 
Bell Labs. There he learned how 
to construct the electronic equip- 
ment he now uses to generate 
and manipulate sounds. 
Neuhaus, who once composed a 
piece for 10,000 people to whistle 
over the telephone, has no shortage 
of unusual ideas. But his latest proj- 
ect is a serious one: A siren that helps 
policemen, firemen, and ambulance 
drivers safely navigate city streets. 
The siren emits bell-like tones that 
reveal what direction an emergency 
vehicle is coming from and how fast. 
According to Neuhaus, president of 
Siren Sounds, which is located in 
Englewood Cliffs, N.J., conventional si- 


pulsed to help other drivers locate and 
avoid emergency vehicles, he says. 


rens have several dangerous flaws: 
eThey’re difficult to hear through a 
closed window, particularly with a car 
stereo blaring. 

eThey give no hint of direction. 
Drivers who do hear the noise often 
can't tell where it’s coming from, so 
they respond by stopping in the mid- 
dle of the street or even turning into 
the path of the emergency vehicle. 
9 They drown out other sounds. Emer- 


Checks and credit cards are read and 
electronically verified within seconds 
by a Celerex computer system. 


gency vehicle drivers can't hear each 
other, and they occasionally collide at 
intersections. 

Furthermore, says Neuhaus: *Con- 
ventional sirens send sounds in all 
directions, contributing to noise 
pollution." 

To prevent those problems, Neu- 
haus's siren speaker system emits 
bursts of sound in two narrow beams— 
ahead and behind the vehicle— which 
can be followed by ear even when out 
of sight, claims Neuhaus. The bursts 
are separated by short silences, which 
also help drivers find the sounds. “The 
mechanism for locating a sound de- 
pends on a rather delicate—though 
automatic—comparison of the differ- 
ences in the onset of the sound be- 
tween the two ears,” Neuhaus ex- 
plains. “This mechanism works very 
well for the sound of a twig snapping, 
but is quite useless with continuous 
sounds.” The silent periods also ena- 
ble emergency vehicle drivers to hear 
each other. 

Neuhaus’ siren can produce four dif- 
ferent types of tones, which, he says, 
can be used to indicate different de- 
grees of urgency. The emergency ve- 
hicle’s speed also affects the signal: 
The faster it goes, the more rapid the 
sound bursts. 

Neuhaus blocked off a few streets 
in Oakland, Calif., earlier this year 
to test the Siren Sounds system. Ad- 
ditional testing took place in the de- 
sert, using cliff walls as a substitute 
for skyscrapers. The system performed 
as expected. 

Neuhaus, who has been working on 
one project for 15 years (he'd like to 
fill the visual void in a Paris subway 
tunnel with a sound network), is op- 
timistic. ^We may be entering a kind 
of sound renaissance," he says. “In the 
past five years, techniques for mak- 
ing and shaping sound have taken 
quantum steps, and for the first time 
in history, one can say that a real pal- 
ette for sound exists.’—D. S. 


A quick buck 


Imagine writing a personal check at 
a fast-food restaurant—and then ex- 
pecting fast service. That might be 
possible soon. Celerex Corp. of Seattle 
has developed an electronic point-of- 
sale system that validates check pur- 
chases without a sales clerk making 
time-consuming authorization calls. 
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The system is designed for tradi- 
tional “cash only” businesses that han- 
dle large numbers of customers quick- 
ly. A Celerex CX9000 microcomputer 
installed at each site is loaded every 
day via modem with fresh “stop file” 
numbers (lost, stolen, or bad accounts) 
from Telecheck, Visa, MasterCard, and 
Discover. The computer compares the 
numbers with those it gets from the 
point-of-sale terminals that instantly 
“read” customers’ checking accounts 
and credit cards. After a sales clerk 
keys in a transaction account, the pur- 
chase is authorized, processed, a re- 
ceipt is issued, and the information is 
stored for transmittal later via modem 
to a bank. Elapsed time: seconds. 

Seattle-based Skippers seafood res- 
taurant chain with 220 sites in 15 
western states tested the Celerex sys- 
tem last year in Denver. Sales at 15 
participating restaurants jumped by 
16 to 18 percent. Now Skippers is 
expanding Celerex installations to 34 
more restaurants in Oregon. Burger 
King and Kentucky Fried Chicken are 
also trying the system. Says Celerex 
President José Porto: “The system 
works equally well for theaters, con- 
venience stores, airport parking lots, 
and amusement parks"—J. W. 


Electronic fingerprinting 


The FBI is considering a new mobile 
fingerprint and mug-shot scanner sys- 
tem to link police patrol cars to the 
agency’s National Crime Information 
Center computer in Washington, D.C. 
It will enable two-way transmission 
of fingerprints and mug shots to iden- 
tify wanted criminals almost instantly 
—while innocent suspects would go 
free without delay. 

For example, with the system, a sus- 
pect picked up in Maine for a minor 
infraction could be tied to a series of 
brutal crimes in California. “It’s not 
a ‘Star Trek’ fantasy,” adds FBI di- 
rector William S. Sessions. “Гуе seen 
it work.” 

"It's a two-way process,” says David 
Hall, director of national identification 
sales for Fingermatrix, Inc., of North 
White Plains, N.Y., which developed 
the system. "Going the other way, you 
could send a photograph of a missing 
child over the network. Having the pic- 
ture is more helpful than just a phys- 
ical description. And the information 
could be printed out in the patrol car.” 

When the right index finger is placed 
on the small scanner, a video image 
is created (see photo). The image is 
sent to a transceiver in the trunk of 
the car, which transmits the informa- 
tion by audio signal.. An identical 


transceiver reproduces the video im- 
age, which is enhanced and sent by 
modem as digital signals to the NCIC. 
The process is reversed for the trip 
back. 

Originally developed for access- 
control equipment, the Fingermatrix 
system matches prints on the basis of 
minutiae, the points where fingerprint 
ridges fork or end, a method used by 
law-enforcement officials for more 
than a century. Eventually the system 
would be able to compare an electron- 
ically scanned print with a data base 
of the 300,000 or so prints of known 
criminals now in NCIC files. 

Prototype equipment was recently 
tested successfully by the Aurora, 
Colo., and Santa Barbara, Calif., po- 
lice departments. But it may be awhile 
before the system is part of the NCIC: 
Funds have yet to be appropriated for 
it by Congress.—M. D. 


DAT: Here it comes... again 


Digital audio tape recorders—DAT 
machines—make perfect copies of 
original material. That's great for us, 
bad for the recording industry. Record 
companies claim that identical pirate 
copies of CDs and DAT tapes could 


SEE THE WORLD 
FROM YOUR OWN BACKYARD 


With Celestron's C90 you сап have it all. 
Impressive close-up viewing of birds, sports 


cost them millions of dollars a year 
in lost revenues. So for three years 
they have stalled the formal introduc- 
tion of DAT machines in the United 
States. Now the record companies and 
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Police cars could be linked with the 
FBI to identify criminals within min- 
utes with electronic fingerprint scan- 
ning and mug-shot transmission. 
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DAT manufacturers seem to have 
agreed on a solution. 

It’s a circuit called SCMS—Serial 
Copy Management System. DAT ma- 
chines equipped with SCMS will let 
you record an original CD or DAT tape 
as many times as you want. That lets 
you create custom libraries for use at 
home or in the car. But the copies can- 
not be used to create other copies. 
That stifles the pyramid effect caused 
by copies creating other copies, which 
are then used to create even more 
copies. 

The system is based on a previous 
idea called Solo, developed by N.V. 
Philips, and uses two bits of data in 
the digitally recorded information to 
determine if the material can be cop- 
ied. But unlike Solo, which ignores an- 
alog recording sources (records, stand- 
ard audio tape, and microphones), 
SCMS applies its copy protection to 
analog inputs too: The digital copy of 
your favorite record can only be cop- 
ied once. 

In a meeting held in Athens ear- 
lier this year, the Recording Industry 
Association of America, the Interna- 
tional Federation of Phonogram and 
Videogram Producers, and DAT hard- 


ware makers, have agreed to seek leg- 
islation to implement scans on all fu- 
ture machines. While the circuit will 
add little to the price of a DAT, it will 
take time to implement. Look for ma- 
chines sometime early next year.— 
LE 


Phone home 


“Hello. This is telephone number 
914-329-8800. Alert conditions OK. 
The temperature is 45 degrees. The 
electricity is on. Sound level OK. Have 
a good day.” 

That was my country house speak- 
ing. Га just called—from my New 
York office 115 miles away —to check 
the interior temperature on a winter 
day when the outside temperature was 
five below. Not that Га have to do the 
calling to make sure the house was 
warm enough to prevent pipes from 
freezing. I can program up to four 
phone numbers for Heath Zenith’s new 
House Sitter Security Monitor/ Dialer 
to call automatically to report a mal- 
function or emergency. 

Installation is easy: Just plug House 
Sitter into a phone jack (I replaced a 
single telephone jack with an RJ11C 


duplex jack) and into a wall outlet. 
Batteries provide backup in case of a 
power failure. The unit is compatible 
with phone answering machines, but 
cannot be used on party lines or with 
coin operated phones. 


House Sitter can talk you through pro- 
gramming with its synthesized voice. 
With the keyboard, you can ask the 
unit what the inside temperature is. 


House Sitter monitors these condi- 
tions: inside temperature, comparing 
it with high and low limits you se- 
lect; electric power outages; loud nois- 
es such as breaking glass and smoke, 
or burglar alarms; plus one additional 


sensor such as a normally open or 
closed switch on a window or door. 

When you phone in to check condi- 
tions (House Sitter can be programmed 
to answer after 1 to 99 rings), you can 
also listen in through the unit’s mi- 
crophone for up to 99 seconds. Heath 
sells the House Sitter for $130.— 
R.L.S. 


Quick looks 


*Eveready's Generator nickel-cadmi- 
um batteries (AA, C, and D sizes) can 
be recharged to 90-percent capacity in 
one hour. Until now, the process could 
take up to 14. The special charger is 
$50; battery packs start at $8. 
Making your office computers work 
together usually requires a LAN— 
local area network—made by string- 
ing wire from one system to another. 
Now there are two easier ways: Pho- 
tonics Corp. has infrared transceiver 
boxes that are attached to the backs 
of all the Apple computers in your 
office. Result: They all communicate 
with each other via infrared light. (Up 
to four computers can be connected to 
one $995 photo-link box.) Need to in- 
corporate computers that are out of 


light sight—such as on another floor? 
Then there's the LAWN—local area 
wireless network—from O'Neill Com- 
munications, Inc. Each computer (and 
printer) gets a $500 add-on box that 
communicates with other boxes via 
spread-spectrum radio transmission. 
What's spread spectrum? The trans- 
mission is broken up and spread over 
a band of frequencies, thereby elimi- 
nating the possibility of data loss or 
errors due to interference on any one 
frequency. 

*Motorola has developed a single- 
chip AM-stereo receiver. For in- 
stant music, just add a battery and 
earphone. 

*Ovonic Imaging Systems has in- 
troduced an eight-inch-square full- 
color active LCD cockpit display. De- 
signed for cockpits, the 1.7-million 
pixel device is the largest active dis- 
play made in the United States. 

*Maurice Ravel and Sergey Prokofi- 
ev conducted their own works of mu- 
sic heard on recordings made in 1928. 
However, by today's standards, the re- 
cords were so poor in quality they 
couldn't be converted into CDs. But 
the fate of these and other classics are 
no longer sealed in wax. A digital sys- 


tem called NoNoise, developed by 
Sonic Solution in San Francisco, con- 
verts flawed audio into 1,400 mega- 
bytes of digital information. Then a 
computer, taking 8 to 10 hours for ev- 
ery hour of music, processes the data 
to remove the pop, hiss, and crackle. 
Ravel and Prokofiev are now availa- 
ble on Philips CDs. 

eEvans & Sutherland, best known 
for making sophisticated flight simu- 
lators, used its knowledge of comput- 
ers to create a parallel supercomputer 
that performs up to 1.6 billion opera- 
tions a second. By supercomputer 
standards, that's about half the speed 
of Cray's fastest machines, but at 
$2.2 million, the new computer's a 
bargain. 

eAttach Phoneguard to your home 
phone. The result: Callers must dial 
an access code within 15 seconds of 
calling your home, or they get a busy 
signal. The $250 device, which is made 
by Breakthrough Electronics Inc. pre- 
vents unwanted callers from getting 
through. Also, according to a spokes- 
man, it can be used to recognize au- 
tomatically facsimile calls and route 
them past your phone into a receiv- 
ing machine. пы 
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By V. Elaine Gilmore with Gode Davis and Cheryl M. Fiorillo 


Recycle that jug 


Discarded plastic milk jugs contribute 
800 million pounds a year to the na- 
tion’s growing trash heap, according 
to Chicago-based Eaglebrook Plastics. 
This company, though, is not part of 
the problem: It’s part of the solution. 
Eaglebrook buys milk jugs (and other 
containers made from high-density 
polyethylene) from community recycl- 
ing centers, grinds them into pellets, 
cleans the pellets, then sells them to 
plastics molders. 

A division of the company, Eagle- 
brook Profiles, is one customer for the 
plastic granules. Eaglebrook Profiles 
makes the Durawood plastic planking 
shown in the photo above. 

“Decking, fencing, and landscap- 
ing lumber are obvious uses for 
Durawood,” says Eaglebrook president, 
Andrew Stephens. “It can be nailed, 
sawed, drilled—nearly anything you 
can do to wood you can do to Dura- 
wood.” It’s more flexible than wood, 
however, so when it’s used for deck- 
ing it requires stringers to be more 
closely spaced (from 12 to 16 inches 
apart). 

It is also more expensive than pres- 
sure-treated lumber. “But anybody 
who has had to replace pressure-treat- 
ed deck boards because they warped or 
cracked is not going to shy away from 


Rot-resistant “boards” started life as plastic milk jugs. The recycled material is 
called Durawood, and it comes in several colors and configurations: grooved 
planks (shown), tongue-and-groove planks, slats, railing, and dowels. 


JOHN B. CARNETT 


paying for a good deck that will last 
forever," says Stephens. 

For now, Durawood is sold mostly 
to manufacturers of other products 
and to state and local governments. 
The company hopes to expand into 
consumer markets, but so far has dis- 
tributors in only a few areas. And 
shipping small quantities of the heavy 
material is uneconomical. 


Feds push recycling 


As of next February, insulation used 
in some federally funded buildings 
must contain a minimum amount of 
recycled material. The ruling, part of 
the Resource Conservation and Recov- 
ery Act, mandates compliance from 
any organization or government agen- 
cy that uses $10,000 or more a year 
in federal funds to buy insulation. 

The quantity of recycled material 
required differs by type of insulation: 
Cellulose must contain at least 75 per- 
cent recycled material. With rock wool, 
50 percent has to have led a former 
life. Plastic foams (phenolic and poly- 
urethane) must be from five to nine 
percent recycled. 

What about fiberglass? It is not 
made with a significant amount of 
recycled materials, and as far as the 
Feds are concerned, should be used 
only where there’s no good alternative. 


Button up with ZIP 


How much insulation would be cost- 
effective—in your attic, walls, floors, 
and basement? To answer that you 
need to consider your climate, the 
efficiency of your heating and cooling 
systems, plus the costs of insulation 
and energy. 

Now with a program called ZIP 1.0 
to supply most of the data, you can use 
any MS-DOS personal computer (IBM 
or compatible) to lead you through the 
analysis. The program is so named be- 
cause the data—on climate and region- 
al energy and insulation costs—are 
gathered and filed according to the 
first three digits of postal ZIP codes. 
The ZIP 1.0 program advises on in- 
sulation levels for both new and exist- 
ing houses. 

The program was developed by the 
National Institute of Standards and 
Technology at the behest of the De- 
partment of Energy. MTS Software 
(3534 Knollstone, St. Louis, Mo. 
63135) sells it for $5. It is also availa- 
ble from the National Technical In- 
formation Service, Springfield, Va. 
22161. (Call 703-487-4600 for ordering 
information.) 


Chilly heat? 


Air-to-air heat pumps and high-ef- 
ficiency furnaces generally send a 
higher volume of lower temperature 
air through the ducts than do less 
efficient furnaces. Consequently, some 
people complain that their heat feels 
like a cool draft. 

But a survey in Canada suggests 
that not many people are troubled. 
The Ontario Research Foundation 
confronted 215 owners of high-effici- 
ency gas furnaces and 441 heat-pump 
owners with this true or false state- 
ment: "The heat from the supply reg- 
isters is often too drafty or too cool.” 
Only nine percent of the gas furnace 
owners and 16 percent of the heat 
pump owners checked the "true" box. 


Rules for water-heater heating 


High-efficiency gas water heaters that 
supply the family’s hot showers are 
increasingly being channeled to heat 
the house as well—by piping some 
of the hot water to a fan-coil unit, 
through radiators, or tubes imbed- 
ded in the floor [^Heat Your House 

Continued 
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With A Water Heater?" Oct. '86.] 

The practice, however, has raised 
some safety concerns, namely that the 
potable water might become contam- 
inated or that scalding water might 
come out of the tap. 

Now, the American National Stand- 
ards Institute has issued regulations 
that should eliminate these hazards. 
Under the new rules, a water heater 
intended for use in a hybrid system 
must bear the warning that it cannot 
be connected to an existing hydronic 
heating system that contains non- 
potable water. (Often toxic chemicals 
—antifreeze or cleaning agents—have 
been added to these systems.) 

The new rules also require that all 
components of a hybrid system be suit- 
able for use with potable water, that 
toxic chemicals shall not be introduced 
into a space-heating system that is 
cross-connected with the potable wa- 
ter, and that a mixing valve be in- 
stalled to reduce water temperature 
at the tap if very hot water is required 
for space heating. 


Tiny bubbles 


Researchers at the Georgia Institute 
of Technology in Atlanta have found 


Tiny hollow spheres made of ceramic 
were formed by a process developed 
at Georgia Tech. They are slated for 
use in insulation, and can withstand 
temperatures up to 3,200 degrees F. 


a way to make millimeter-size bubbles 
—thin-wall hollow spheres—from ce- 
ramic materials based on a process 
invented by Dr. Len Torobin of Min- 
eral Technologies. The result is a new 
insulation that is virtually fireproof, 
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poses no threat to health or the envi- 
ronment, and can be made of many 
different compounds to serve different 
needs. Furthermore, the possible uses 
go well beyond insulation. 

The bubbles, called Aerospheres, 
have nearly the same insulation value 
per inch as fiberglass and are similar 
in density. But they have much higher 
compressive strength, so they should 
remain in place without compacting. 
And while fiberglass insulation starts 
to burn at 800 degrees F, Aerospheres 
can withstand temperatures as hot as 
3,200 degrees Е 

Others have produced solid ceramic 
spheres, according to Georgia Tech ce- 
ramics engineers and project direc- 
tors, Dr. Joe K. Cochran and Dr. Ted 
Chapman, but a technique for forming 
hollow spheres from powders is an 
advance. 

Aerospheres start as a room-tem- 
perature slurry, “simply a dispersion 
of powders in a liquid," Cochran ex- 
plains. "That gives us huge flexibility 
because most solids are available as 
powders from which we can form a 
slurry" Inexpensive ceramics like clay, 
talc, and feldspar are possible raw ma- 
terials, as are high-tech specialty ma- 
terials like silicon carbide and silicon 
nitride. 

The slurry and air are blown through 
a coaxial nozzle to form the bubbles. 
Then the liquid is removed. (Cochran 
is cagey about how that's done.) "You're 
left with powder shells,” he says. “And 
after they're fired at high temperature, 
the shells are very strong." The hol- 
low spheres have been fabricated with 
diameters of one to five millimeters, 
and with wall thicknesses of 12 to 125 
microns. 

When made for use as insulation, 
the spheres are formed with solid 
walls, but they also can be made 
with porous walls—and used for such 
things as time-release encapsulants 
for fertilizers and medicines. Says 
Cochran: "Since we can control the 
size of the sphere's pores, we also can 
control how fast something inside 
leeches out." 

Aerospheres will be put to work first 
as insulation for high-temperature in- 
dustrial furnaces. Will they one day 
be used as insulation in houses? 
"There's certainly the potential," de- 
clares Cochran. "It's strictly a matter 
of economics: bringing production costs 
down so that they can compete with 
existing insulations"—G. D. 


Forgiving finish 


Finishing rough-textured materials 
can entail a nasty sequence of sand- 


ing, filling, and multiple layers of top 
coat. Even then you may end up high- 
lighting knotholes, chips, and dents 
rather than covering them up. 

A new product called Texturelac 
eliminates these problems. All it takes 
is a standard air compressor (one to 
three horsepower) and a paint spray 
gun. 

Texturelac creates a pebble-, stucco-, 
or leatherlike finish depending on how 
thickly you apply it. It dries to a 
tough, washable hide, and can be used 
on virtually any surface: wood, metal, 
or plastic. Texturelac comes in white 
and black, and the white can be tinted. 

PoruLAR Science Art Director 
Dave Houser tried Texturelac on an 
étagére he built from waferboard. 
Without sanding the rough surface or 
filling any nail holes, Houser sprayed 
the shelf unit with one coat of white 
Texturelac primer. Then he set his 
compressor gauge at the recommended 
70 to 100 psi and adjusted the pres- 
sure in both his fluid and air tanks 
until he got the consistency he 
wanted. He applied two coats of white 
Texturelac and ended up with a finish 
"somewhere between a stucco and a 
leather," he says. "I was amazed to see 
that it covered the joined edges with- 
out any seams showing." 

Texturelac ($35) and Texturelac 
primer ($22) come in two-gallon pails. 
Thinner ($13 a gallon) and metal- 
etching thinner ($14) are available. 
The metal-etching thinner prepares 
metal surfaces so the Texturelac will 
adhere well. Abilene Research and De- 
velopment Согр., Box 294, Hewlett, 
N.Y. 11557.—C. М.Е 


Info mart 


If you're shopping for a new refriger- 
ator or freezer, a good place to start is 
in your armchair—curled up with a 
copy of the Association of Home Ap- 
pliance Manufacturers' *1989 Con- 
sumer Selection Guide for Refrigera- 
tors and Freezers." 

The guide lists various types of 
these cool appliances by cubic-foot ca- 
pacity and gives the estimated annual 
operating cost as it appears on the 
yellow *Energy Guide" label on the 
appliance. 

That energy-cost estimate, however, 
is based on a 1982 national average 
of 6.75 cents per kilowatt-hour for 
electricity. The AHAM guide lists a 
second yearly energy cost based 
on 7.70 cents per kilowatt-hour—this 
year's average. 

The guide costs $1.50 and is avail- 
able from AHAM, 20 N. Wacker Dr., 
Chicago, Ill. 60606. us 


W DAVID HOUSER 


Raw waferboard 
bookcase (inset) 
shows problem 
areas such as gap 
in joint, voids in 
end-grain, and 
uneven surface. 
Sprayed with Tex- 
turelac (left), the 
bookcase displays 
a handsome tex- 
tured surface that 
hides original 
imperfections. 
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If you have 
never purchased 


one of these, 
may we suggest 
you bum one. 


Find an intelligent friend. Arrange a loan of one 
Merit cigarette. Try it. We know you’ll enjoy the rich, 
satisfying tobacco flavor. And when you realize Merit has even less 
tar than other leading lights, your bumming days are over. 
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WHAT STEALTH'S 
FIRST FLIGHT REVEALS 


As the shroud of secrecy falls from the B-2, the U.S. Air Force 
and Northrop Corp. are trying to convince the country that it 
is vital to our defense. Congress, on the other hand, is suffer- 
ing sticker shock and is threatening to cancel the program. 
The controversy has almost obscured the fact that a clearer 
picture of stealth technology has finally emerged. 


By C. P. GILMORE 


ntil now, most information about the B-2—the 

fabled stealth bomber—was gleaned from a few 

official announcements, a handful of leaks, and 

a rigorous application of the laws of aerody- 

namics and electronics. One observer has called 
it a “connect-the-dots” approach. 

Now, for the first time, we have seen an actual airplane 
sitting in the sun, taxiing, and flying. Aerodynamicists 
have analyzed what they’ve seen. Both the US. Air Force 
and Northrop Corp., the manufacturer, are opening up. 


Finally, the pilots who flew the B-2 were remarkably can- 
did about the flight and the plane’s engineering. So now, 
for the first time, we have an accurate picture of this mys- 
tery plane and its advanced design. 

At the same time, a battle has erupted in Congress. 
Lawmakers are divided over the B-2’s proposed missions 
and whether it will be worth the high cost. A lively de- 
bate rages over whether the stealth bomber program should 
be built as planned, reduced in scope, or killed altogether. 

Continued 
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Against that background, and whatever its ultimate fate, 
the B-2 emerges as one of aviation’s most fascinating tech- 
nological accomplishments. 


Its pedigree 


The most obvious thing about the B-2 is that it is a 
flying wing, an aerodynamic configuration that has ad- 
vantages known for decades. John Northrop, founder of 
Northrop Corp., had been an enthusiast of flying wings 
since the 1920s and had built several versions. That work 
culminated in the YB-49 in the late 1940s. 

Chief of aerodynamics for Northrop during much of the 
company’s flying wing period was William R. Sears, now 
professor of aeronautical engineering at the University of 
Arizona. “Flying wings are very interesting because they 
offer tremendous advantages not only in aerodynamics, 
but in structural weight. Instead of concentrating much 
of your weight at the middle of the airplane, you distrib- 
ute your load across the span of the wing. This arrange- 
ment reduces bending and shear moments, which allows 
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The B-2’s most striking features are the eleven control 
surfaces that take up most of the trailing edge of the saw- 
tooth wing. At the extreme outboard edge of each wing are 


split or drag rudders, each containing upper and lower 
elements that move separately lil. If the drag rudder оп one 
wing is opened and the other is not, drag increases on that 
wing and the plane turns in that direction. If both drag 
rudders are opened at one time, the plane continues ina 
straight line, and they act as air brakes. There are three 
elevons on each wing, one immediately inboard of the 
drag rudders Hl and two more on the next inboard seg- 
ment Е В, which are mechanically separate for redun- 
dancy, but which operate synchronously. Elevons per- 
form the functions of both elevators and flaps of con- 
ventional planes. At the center of the trailing edge is 
the “beaver tail" B, which may serve to trim pitch. In this 
picture it seems to be inclined slightly down. Engines are 
buried deep inside to prevent radar reflections. The unu- 
sual engine inlets are designed with scalloped upper edges 
of radar-absorbing materials to minimize radar reflections. 


the designer to build lighter airframe structures." 

The B-2 is a classic flying wing. It stands 17 feet high, 
is 69 feet long, and has a 172-foot wingspan, the same as 
the YB-49. It has a maximum takeoff weight of 350,000 
pounds with a payload of 50,000 pounds (enough to carry 
16 nuclear bombs or short-range nuclear attack missiles 
on two rotary launchers or 80 conventional 500-pound 
bombs). It is subsonic, and has a ceiling of 50,000 feet. Its 
four 19,000-pound thrust General Electric F118-GE-100 
engines can power the B-2 for 6,000 miles (10,000-- with 
one air refueling) at 50,000 feet. It has terrain-following 
capability and systems to suppress contrails to minimize 
visibility and to cool hot exhaust to avoid detection by 
infrared sensors. 

Little new information is available as to the plane's cru- 
cial radar cross section, a measure of its ability to fly 
undetected by enemy radar. But it is noteworthy that the 
test model now flying has been fitted with a radar echo- 
enhancer to make sure ground control radars in Southern 
California and radars on other planes can spot it. 


_ _____ ени) 


Just ahead of the main inlets are small auxiliary inlets that 
capture turbulent boundary-layer air that could stall the 
engines if it were allowed to enter. This cool airflow is 
mixed with the hot exhaust to make it less detectable by 
infrared sensors. On top of each nacelle are two pop-up 
doors—auxiliary engine inlets— pointing forward but an- 
gled away from the engine's center line. At the engine's 
rear, the exhaust outlets are on top of the wing. The V-shaped 
panels behind the exhaust appear to be the only 

part of the trailing edge that is fixed. They are said to be 
heat-resistant ceramic tiles similar to those on the space 
shuttle. The main cockpit/payload area and the engine 
nacelles grow out of the wing in complex, hard-to-build 
curves of constantly changing radius, which are clearly 
designed to minimize radar reflections. Unlike the F-117A 
stealth fighter [Jan]., they do not contain facets. The craft 
has what observers have called a “pregnant” appearance 
because all weapons, fuel, and avionics are contained in- 
side the shell. The black leading edge, which contrasts with 
the slate-gray of the rest of the craft, is said to be a radar- 
absorbent structure that has caused difficulties in design 
and fabrication. Crew entry is just behind the nose wheel. 
You can see the edge of a ladder attached to part of the 
underbody door (upper right). Just outboard of the left 
engine nacelle is a triangular hole with cover. Puffs of 
smoke were seen to come from it from time to time; it is 
apparently the exhaust for the auxiliary power unit. Two 
"stovepipe"tubes protrude from a similar position outboard 
of the right nacelle; their purpose is not known. The orange 
device over the beaver tail is a trailing cone that is reeled 
outtwo or three plane lengths behind the craft to provide a 
reference source for airspeed, altitude, and other data. The 
small flaglike device on top of the cockpit is a yaw-angle 
sensor. Experts recognize the landing gear as a modified 
Boeing 757 or 767 airliner undercarriage. 


Would the B-2 actually fly? Some predicted that the 
inherent instability of the flying-wing design would doom 
it. "I was amused by that," says Sears. "The engineers 
knew it would fly. The same thing happened in the 1940s." 

The first hint that something important was about to 
happen came in late June when workers at Air Force Plant 
42 in Palmdale, Calif., began sweeping runways and taxi- 
ways near Site 4— where the B-2 was under construction 
—in the early morning hours. Then several groups of 30 
to 40 people were seen walking the 12,000-foot runways 
side by side from end to end, picking up any object that 
might be sucked into an engine inlet. 

At 4:45 on the morning of July 10, Northrop test pilot 
Bruce Hinds and USAF test pilot Col. Richard Couch 
started the B-2's engines and performed low-power tests 
for an hour and 45 minutes before taxiing out onto the 
runway, where, for four hours, they performed both low- 
and high-speed taxi tests to demonstrate engine-operating 
and ground-handling characteristics. On July 13 a second 
series of taxi tests took place. 


NORTHROP CORP. RENPHOT 


Its first flight was set for July 15, but, as was widely 
reported, it was cancelled when the pilots got low fuel- 
pressure readings—a minor problem, easily solved. 


Stealth takes off 


On the morning of July 17, the B-2 rolled from behind 
the production building at 5:52. After a series of engine 
runs and brief taxi tests, the craft stopped in takeoff posi- 
tion on runway 04 at 6:27. Hinds and Couch carefully went 
through the pre-flight checklist. Then at 6:36 the pilots 
shoved the throttles forward and released the brakes. As 
the B-2 began its run, a pair of F-16 fighters streaked 
down out of the sky and performed what Air Force pilots 
call a "rolling pickup" Approximately 22 seconds after 
starting its roll, the B-2 rose rapidly (as shown on the 
cover). Crowds outside the fences cheered. 

The B-2 climbed to 10,000 feet and went through a se- 
ries of stability and control maneuvers. At 8:29 it touched 
down at Edwards Air Force Base a few miles away. It was 

Continued 
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Three B-2s under final assembly in Northrop's Palmdale, 
Calif., plant show the white plasticlike carbon composite 
outer skin before painting. The protective black mats with 
yellow markings allow technicians to walk on the curving 
skin surface without damaging it. 


a smooth landing, so smooth that “I had to ask the tower 
if we were on the ground,” Couch quipped later. The chief 
of the Air Force Systems Command, Gen. Bernard P. 
Randolph, hailed it as “a historic day.” 

Hinds, a barrel-chested 50-year old test pilot with 10,500 
hours of flying in 66 types of aircraft, appeared at a news 
conference after the flight. “It flies like a real airplane,” 
he said, and added that it was “very nimble,” and “probably 
better than any large plane I have flown.” Sears of the 
YB-49 team wasn't surprised. "The YB-49 was more ma- 
neuverable than a bomber needed to be," he recalls. “They 
said it would out-turn some then-current fighters." 

As to predictions of pitch instability: "The aircraft was 
very stable: rock stable on final [approach]," reported 
Hinds. “It took very slight aft stick pressure—just held 
aft and touched down very smoothly. It's going to be a 
very easy airplane to fly" Added Couch, "If we appear 
giggly about all of this, it was kind of fun." 

Not all observers were carried away. Rep. Les Aspin, 
chairman of the House Armed Services Committee, one 
of those calling for a cutback in the program, called it “a 
giant leap for Northrop, but one small step for the B-2 
program." 


What we learned 


Since the flight, a steady stream of analysis and new 
information has come from both the Air Force and inde- 
pendent experts. James F. Marchman, associate dean of 
engineering at Virginia Tech points out that "The flying 
wing concept is in many ways the aerodynamicist's dream. 
The whole airplane is a wing so you don't have to carry 
around this drag-producing empennage with you." And it 
works: The journal Aviation Week & Space Technology 
says the lift-to-drag ratio of the older B-1B bomber is be- 


NORTHROP CORP/RENPHOT 
The B-2 has an almost sin- 
ister air as the ground crew 
prepares it for flight. The 
large size of trailing-edge 
drag rudders and elevons 
can be clearly seen, as can 
the vent doors atop the en- 
gine nacelles that supply 
extra cooling air for low- 
speed operation. 
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tween 9 and 18 in various configurations. Estimated lift- 
to-drag of the B-2 is 24. That’s why it has a 6,000-mile 
range. “The flying wing is your ideal cruiser-type aircraft,” 
says Marchman. 

As for stability problems, they just haven’t happened. 
Lacking a tail, flying wings are unstable in the pitch mode, 
(movement nose-up or nose-down), but years earlier Sears 
and his colleagues at Northrop corrected that problem 
when they installed an automatic stability augmentation 
system—the world’s first— in the YB-49. Now, much more 
sophisticated electronic flight controls are found on many 
modern aircraft, including the B-2. These systems, which 
react faster than pilots can, allow airplanes to fly more 
efficiently and to maneuver better. “We're using a quadruple- 
redundant fly-by-wire, digital flight-control system,” said 
Randolph. In such a system, pilots tell the plane what 
they want it to do by moving the stick. Then the flight 
computer moves the proper combination of surfaces to 
achieve the desired effect, while at the same time correcting 
for wind gusts and other small perturbations. 

Aerodynamicists say the outward-pointing doors on top 
of the nacelles are auxiliary engine inlet doors. They were 
open most or all of the time the plane has been seen taxi- 
ing and in flight. The doors apparently provide cooling 
air for the engine bays while on the ground, and extra air 
to prevent stagnation in inlet ducts during low-speed 
ground maneuvers and perhaps in low-speed flight. 

The drag rudders on each wing tip were active during 
taxiing and flight, indicating they provide what engineers 
call yaw control—movement of the nose right and left—by 
introducing drag on one side or the other. During takeoff 
and approach, both upper and lower sections of the drag 
rudders were deployed to varying extents, indicating that 
when both are opened equally they serve as speed brakes 
or spoilers. The lower rudder is activated first, then, if 
more control is needed, the top is put into use. 

Next to the drag rudders on the same outboard seg- 
ment of the wing are control surfaces called elevons. “These 
are flaps that can deflect up or down,” says Marchman, 
“and can be used as flaps or ailerons.” On the second main 
sawtooth section are two additional elevons, which act in 
sync with the elevons next to the drag rudders. With all 
elevons operating individually but in a coordinated 
manner—and with the redundant electronics—control will 
not be lost if parts of the system fail. 

Elevons are apparently used as conventional ailerons 
to bring the plane into a bank. Although the craft was 
seen in banks of up to 45 degrees during its flight, it was 
too far from observers for the actions of the individual 
elevons to be seen. 

At the rear center of the aircraft is a strangely shaped 
control surface that has been called the “beaver tail.” It 
seems to be segmented and movable, and has appeared to 
be deflected slightly downward. Aviation Week reported that 
"individuals familiar with the aircraft said the beaver tail 
is a complex device that required much effort to design.” 
Experts speculate that the center-body surface is used to 
trim the pitch mode. 


Perhaps the most striking feature of the control system 
is the lack of any vertical surfaces—done, of course, to 
minimize radar reflections. But this radical arrangement 
may pay additional benefits. Test pilot Hinds reported that 
the lack of vertical elements meant that there is little 
side force, and this would make a crosswind landing sim- 
ple. He said it would be easy to bring the plane in at a 
crab angle, then give a final kick to straighten it out just 
before touchdown. 


Concealed turbines 


A critical area of design is the propulsion system. The 
engines must be hidden deep within the fuselage to stop 
them from sending back radar echoes. That means airflow 
is hard to handle. The engine inlets have strange, scal- 
loped shapes, apparently to minimize radar reflections. 
Three openings appear inside. These may be part of a ser- 
pentine radar-absorbing structure that pipes in air, but 
keeps the engine turbine from being visible to incoming 
radar waves. A thin slit at the bottom, just above the wing, 
probably admits air that bypasses the engine and then is 
used to cool the exhaust. That would make it harder to 
spot with an infrared detector. 

The exhaust nozzles are on the top of the wing, also 
making the hot exhaust more difficult to detect from the 
ground. The V-shaped surface behind the nozzles looks dif- 
ferent from the rest of the wing. Experts speculate it is 
designed to help reduce the B-2’s thermal signature and 
may be made of something similar to space shuttle tiles. 

Northrop developed a sophisticated three-dimensional 
computer-aided design and manufacturing system with in- 
stallations in Palmdale at the main Northrop plant, and 
also at the Boeing Co. in Seattle and the Vought Division 
of LTV Corp. in Dallas, two of the main subcontractors. 
Thus everyone was always up to date and changes could 
be made. instantly and simultaneously everywhere. And 
the plane went directly from the electronic data base stage 
to the manufacture of production tooling, skipping entirely 
the usual time-consuming and expensive step of building 
a full-scale model. The first aircraft built was not a model, 
but an actual aircraft—the one that flew in July. 

The system gives unprecedented accuracy. A precise sur- 
face shape was critical to elude radar detection. The new 
system allowed accuracy to within one-quarter inch from 
wing tip to wing tip—many times more accurate than any 
other plane ever built. Even complex items like tubing 
that had to snake through the structure were manufac- 
tured with computer-guided bending machines, then put 
directly in place. Randolph said the advanced system pro- 
duced remarkable results: a six-to-one reduction in first-fit 
problems, a 90-percent success rate on first installation of 
tubing, compared with an industry average of 60 percent. 


Stealth's first battle 


“Until recently,” reported the journal Science, "the layers 
of secrecy have shielded the program not only from public 
scrutiny but also from the criticism that has been directed 
at virtually every other major weapon system." No more. 


Now the B-2 is attracting heavy flak from critics both 
inside and outside of Congress. The main criticism involves 
two areas: missions and cost. 

The U.S. Department of Defense has for many years 
built its strategy on the so-called “triad” ICBMs, subma- 
rine-based missiles, and manned bombers. Bombers can 
be sent out in case of a war alert, then recalled hours 
later if necessary—whereas missiles cannot. But why, with 
the current B-52s and the growing B-1B fleet, do we need 
another bomber? Gen. Larry Welch, Air Force chief of staff, 
says that in case of nuclear war, the B-2 would eventually 
be able to slip unobserved into an enemy nation to knock 
out so-called “relocatable” targets—missiles mounted on 
rail cars, for example. It could also destroy hardened un- 
derground command centers. Welch and other military ex- 
perts say manned bombers are crucial for these assign- 
ments and can do the job more accurately than can any 
other methods. The rationale is that the Soviets would 
never risk a first strike if they were convinced that the 
B-2 would come in afterward and destroy its reserve mo- 
bile forces and the bunkers housing the military and ci- 
vilian leaders. The B-2, says Secretary of the Air Force 
Edward C. Aldridge Jr., “essentially renders Soviet radar 
ineffective.” "We've already done that with the air-launched 
cruise missile," counters Michael Brower, an arms ana- 
lyst for the Union of Concerned Scientists. "There's no 
effective defense against ALCMs, except for some point 
targets. And cruise missiles are only going to get better." 

Secretary of Defense Richard Cheney disagrees. He 
claims that we “will begin to find it increasingly difficult 
to penetrate Soviet air defenses over the next ten to twenty 
years with the systems we now have in place. The B-2 is 
required to maintain the effectiveness of our penetra- 
tion bomber force as Soviet air defenses continue to 
improve.” 


Conventional role 


Randolph makes another point: “Remember the Libyan 
raid?” he asks. “Do you realize we used something like 
one hundred combat and support airplanes in that raid? 
And yet if we had the B-2, three or four flying from the 
United States using one or two tankers could have done it 
with complete surprise. That's the kind of thing we're 
talking about in terms of conventional capability.” Non- 
sense, say the critics. The U.S. would never send a half- 
billion dollar airplane to teach a minor dictator a lesson 
and risk losing it—particularly in a place where the So- 
viets might get to look at it if it went down. 

Controversy rages on every point. Sen. Sam Nunn, a 
B-2 supporter, says it will cause the Soviets to spend a pot 
of money on new air defenses, which reportedly have al- 
ready cost $300 billion to $400 billion. “They would have 
to revamp their entire radar and fire-control system,” he 
says. “They are going to have to spend several hundred 
billion dollars—far more than the cost of the B-2—to de- 
fend against it.” Brower disagrees: “I don't think you can 
make that case,” he says. “The amount the Soviets spend 

[Continued on page 90] 
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“We believe that global environmental change may well be the most pressing international 
issue of the next century.” That is the conclusion of the presidents of the National Acad- 
emy of Sciences, the National Academy of Engineering, and the Institute of Medicine. 
Central to that issue is the role of society in contributing to global warming by enhancing 
the greenhouse effect. But how best to limit the pace of global warming and cope with its 
consequences is already the subject of furious debate over choices. Cut down on fossil 
fuels? Go nuclear? Plant more trees? Paths to the future are mired in uncertainty. 


By ARTHUR FISHER 


DRAWINGS BY BOB LANGE 


ow shall we save the planet from an escalating green- 
Н: effect? There is certainly no shortage of 
suggestions: 
Orbiting umbrellas. Seed the skies with thin, opaque space 
shields that would partially block incoming sunlight, thus help- 
ing to keep global temperatures down. If these shields had a 
combined surface area equal to two percent of Earth’s, they could 
counteract a doubling of atmospheric carbon dioxide. 
Continued 
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eDisrupt molecules of atmospheric 
chlorofluorocarbons, some of the most 
potent greenhouse gases, by blasting 
them with intense infrared beams 
from giant Earth-based lasers a la 
Star Wars. 

eLaunch an armada of solar power 
satellites, converting sunlight to mi- 
crowave power that could be beamed 
down to Earth and turned into elec- 
tricity. The vast power made availa- 
ble in this way would free society 
from much of the need to burn fossil 
fuels, and drastically reduce the quan- 
tity of carbon dioxide spewed into the 
atmosphere. 

Duplicate the cooling effect of vol- 
canic eruptions, which belch millions 
of tons of sulfur dioxide into the up- 
per atmosphere, where the compound 
forms sulfuric acid. The acid acts as a 
baffle to block sunlight. Hundreds of 
jumbo jets could deliver the requisite 
35 million tons of sulfur dioxide per 
year to the stratosphere. 

eTrigger a population explosion of 
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phytoplankton, microscopic algae that. 
dwell in the oceans and absorb car- 
bon dioxide in the solar-driven proc- 
ess of photosynthesis. Their blooming 
could be stimulated by fertilizing 
their environment with phosphates. 
Or huge orbiting reflectors could di- 
vert sunlight to the polar seas, other- 
wise dark in winter. 

Projects such as these, so spectacu- 
lar in scale, smack of science fiction. 
They would be dogged by questions of 
economics—staggering sums would be 
required— practicality, and (ironically) 
environmental impact. For example, 
four million space shields would have 
to be built and launched. Powerful mi- 
crowave beams might have unantici- 
pated and unpleasant effects on planes 
passing through them and on people 
on Earth. Adding more sulfuric acid 
to the atmopshere would cause more 
acid rain to fall. And so on. 

Yet these fantastic fixes are the se- 
rious, considered proposals of highly 
respected scientists. Credit a number 


of space scientists with the orbiting 
umbrella idea; Princeton physicist 
Thomas Stix with laser zapping CFCs; 
Peter Glaser of Arthur D. Little, Inc., 
with solar-power satellites, first pro- 
posed in the 1970s (“We must begin 
to develop alternatives to burning fos- 
sil fuels now, while we still have time 
to do so,” says Glaser today); Wallace 
Broecker, a geochemist at Columbia 
University, with the volcanic approach; 
and dean of climatologists Roger Re- 
velle, now at the University of Cali- 
fornia, San Diego, with the phyto- 
plankton proposal. 


practical—scientists would con- 
sider such extreme measures to 
counter global warming is a measure 
of the gravity of the problem they fore- 
see. If more conservative steps are not 
taken now, or if they fail, radical ones 
may be necessary a century from now. 
“The point is not that the strategy 
Continued 
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HOW TO HELP REDUCE 
GREENHOUSE GASES 


Controlled thermonuclear fusion would be the ne 
plus ultra of alternative energy sources: It not only 
generates no СО», but does not have the radioactive 
waste disposal problem of fission energy. One cubic 
foot of sea water could furnish the energy in 
10 tons of coal—an inexhaustible supply. 
Nuclear fission is now the largest source of 
energy that does not result in СО emis- FUSION 
sions. Global electricity production from 
nuclear plants grew by five percent in 1988 with 
17 new units. Plans for a new generation of reactor 
designs are being considered, including Argonne 
NUCLEAR Laboratory's Integral Fast Reactor, a breeder; 
Switzerland's Geyser Reactor; and the Electric Power 
Institute's Advanced Light Water Reactor. 
Trees are nature's way of helping to balance the carbon 
dioxide equation; the world's forests absorb massive 
quantities of the gas from the atmosphere during photosyn- TREES 
thesis, the process by which green plants manufacture 
carbohydrates. Halting the destruction of tropical forests 
and-planting more trees is a double-edged weapon against 
CO». In а report on global warming, the EPA 
recommended planting at least as many 
trees as are felled. 

The EPA also proposed increasing re- 
search on solar energy so that this relatively 
benign source could compete economically 
with oil and natural gas. Not all solar energy 
systems rely on photovoltaic cells (which 
convert the sun's rays directly to electricity). 

SOLAR Solar thermal systems convert sunlight to 
heat, which can either be stored or used to drive a turbogenerator. 

Federal funding for solar research is $35.5 million per year; it was 

$155 million in 1981. The administration wants to cut it 30 percent. 

Electric utilities are searching for ways to generate and distribute 

electric power more efficiently. By one estimate, for example, the 

energy lost in distribution transformers alone amounts to 50 billion 


Some of the additional knowledge kilowatt-hours a year in the United States, enough to power six 
needed by climatologists to better ELECTRICITY million homes and worth $4 billion. If the cores of those 
understand the global warming prob- transformers were replaced with metallic-glass alloy, the 
lem will stem from NASA's proposed savings in annual energy loss would be almost 70 percent. 
Mission to Planet Earth [“Is the U.S. Global warming will increase the need for 
Lost In Space?” July]. This image electricity, and shortages are likely. More efficient 
illustrates the kind of data that mis- appliances can help. New federal standards for 
sion could bring. It is the first ever of new major appliances including refrigerators, 
the total global biosphere, showing dish and clothes washers, freezers, water heat- 
the intricate distribution of life forms ers, gas ranges, and furnaces could save more 
on the continents and in the oceans. than 30 trillion watt-hours of energy by 1995, 
The image was assembled by NASA's according to the American Council for an Energy 
Goddard Space Flight Center from Efficient Economy (ACEEE). Refrigerators alone 
two sets of satellite data: from the use seven percent of the whole U.S. electricity output. If 
Nimbus 7 (for the oceans) and NOAA every refrigerator were of the most efficient variety, the 
7 (for the land) spacecraft. energy savings could be equivalent to the output of 12 ‘APPLIANCES 
In this color-coded image, red and large nuclear plants, says the ACEEE. The EPA 
orange in the oceans show high lev- advocates an international program to ensure that all new automobiles 
els of phytoplankton, which absorb produced anywhere in the world have a fuel economy of 35 mpg, and 
СО»; yellow and green show medium that all cars in industrial countries 
levels. have catalytic converters to control 
In the land mass image, the darkest exhaust emissions. Bills introduced 
greens denote tropical forests, a in Congress would be even more 
shrinking source of CO, takeup. Re- stringent. 
gions with sparser biomass show up 
in lighter greens. Barren stretches 
and deserts are yellow. 
DRAWINGS BY TOM WHITE 
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SHARE OF CO2 EMISSIONS 
WORLDWIDE 


is necessarily a wise one," Broecker 
wrote in his book How to Build a Hab- 
itable Planet, "but that purposeful 
global climate modification lies within 
our grasp." 

Many scientists from many disci- 
plines now believe that such modifica- 
tion is imperative, and the sooner the 
better. 

What means does society possess to 
counteract global warming due to an 
enhanced greenhouse effect? 

Since carbon dioxide now accounts 
for about half of all the temperature- 
raising contribution of the greenhouse 
gases, one obvious route is to limit its 
generation. That means curbing the 
burning of the fossil fuels, either by 
shifting to alternative energy sources 
that do not produce the gas; or by 
making the use of energy more effici- 
ent so that less would need to be gen- 
erated—energy conservation; or by 
some combination of the two. 

Even shifting from one fossil fuel 
to another less offensive would be an 
improvement. Brookhaven National 
Laboratory has ranked different fuels 
by their greenhouse gas contribution, 
when burned, in pounds of carbon di- 


oxide generated per million Btu of 
heat. Natural gas is at the low end of 
the spectrum, at 0.11. Oil is at 0.16, 
wood at 0.18, and coal at 0.20. There- 
fore coal-burning power plants are 
25 percent worse than oil-burning 
plants with respect to greenhouse gas 
production. 

The other side of the carbon diox- 
ide equation is to increase, or at least 
stabilize, its absorbtion from the at- 
mosphere. A practical step in that di- 
rection (more practical than, say, stim- 
ulating the growth of phytoplankton) 
is to stop denuding the world's forests. 
This move would have other dividends. 
When trees are felled and burned, the 
combustion process feeds both carbon 
dioxide and methane to the atmos- 
phere. And, as detailed in Part II 
[Sept.], the cattle established in 
cleared areas of tropical forests con- 
tribute their own substantial measure 
of methane, as do the termites that 
find felled trees particularly congenial. 


ird World countries are begin- 
ning to recognize that they have 

a stake in preserving tropical for- 
ests. But there is a residue of resent- 


С0: FROM FOSSIL FUELS, U.S. 
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Carbon dioxide emissions from the world’s nations more 
than tripled from 1950 to 1980, from 1.6 billion tons of 
carbon per year to 5.1. The increase results from the growth 
of industrialization, whose changing pattern has also al- 
tered the pattern of global carbon contributions. North 
America and Western Europe together accounted for 68 
percent of the CO, in 1950, but only 43 percent of the total 30 
years later. But the portion from China and developing 
countries in Africa, Latin America, and southern Asia grew 
from 7 to more than 20 percent of the world total. 
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About a quarter of the world’s carbon dioxide emissions 
stem from the combustion of fossil fuels in the United 
States. This share is attributable in roughly equal propor- 
tions to industrial processes, such as aluminum and steel 
processing; electric power production; and all modes of 
transportation. Energy expended in the nation’s homes and 
businesses plays a somewhat smaller role. About 80 percent 
of the electric power generated in the United States comes 
from burning fossil fuels, primarily oil and coal. It accounts 
for some 7.5 percent of the world’s total CO, emissions. 


LAWRENCE BERKELEY LABORATORY 


ment at what is perceived as a holier- 
than-thou attitude on the part of the 
developed countries. In March the 
eight nations of the Amazon Pact 
—Brazil, Bolivia, Colombia, Ecuador, 
Guyana, Peru, Surinam, and Venezue- 
la—condemned foreign pressures to 
save the rain forests as outside inter- 
ference in domestic environmental pol- 
icies, and stated they would not ac- 
cept “impositions from people who try 
to boss us around.” 

The need to embark on measures 
to control the greenhouse effect has 
now been recognized not just by cli- 
matologists and ecologists but belat- 
edly by some government leaders. Last 
July the heads of seven major indus- 
trial powers (Britain, Canada, France, 
Italy, Japan, West Germany, and the 
United States) met in Paris for an eco- 
nomic summit. For the first time as a 
group, they acknowledged the need to 
cope with a variety of environmental 
onslaughts, with special emphasis on 
global warming. 

A communiqué issued by the sum- 
miteers stated: “Scientific studies have 
revealed the existence of significant 
threats to our environment.... 


_ ‘ae 
GLOBAL WARMING. 
пиз amm 


“Decisive action is urgently needed 
to understand and protect the Earth's 
ecological balance..." 

Although the seven nations together 
contribute some 40 percent of the СО» 
generated by the burning of fossil 
fuels, they offered no binding propos- 
als, but stated that they “strongly ad- 
vocate common efforts to limit emis- 
sions of carbon dioxide and other green- 
house gases, which threaten to in- 
duce climate change, endangering the 
environment and ultimately the 
economy" 

The communiqué cited deforestation 
as a contributing factor to environ- 
mental change, recommended greater 
efforts toward energy conservation, 
and gave the nod to nuclear power. 


nd in reference to the difficul- 
M of using climate models to 
ake sure and certain projec- 
tions into the future, the seven stated 
"the persisting uncertainty on some 
of these issues should not unduly de- 
lay our action." 
More easily said than done. The po- 
tential impacts of major changes in 
Continued 
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The United States is far more profligate with energy than 
other countries, including such highly industrialized ones 
as West Germany and Japan, as shown in the energy use 
per capita chart above. Japan requires half as much energy 
to provide the same amount of goods and services as we do, 
and West Germany a little more than half. Part of this 
difference comes from differences in living standards; Jap- 
anese refrigerators are smaller than American ones—but 
also more efficient. Still, our energy use has declined since 
1973, mostly due to conservation and better gas mileage. 


Differences in energy use per person are reflected in the 
record of carbon dioxide emissions per person, as seen in 
the chart above. Some countries head the list because of 
basic inefficiencies. East Germany tops all others because 
its prime energy source is coal, an abundant resource, and 
its coal-burning plants rely on outmoded, grossly inefficient 
technology. Other countries in the Third World, such as 
China, Brazil, India, and Mexico, are simply so undevel- 
oped and underindustrialized that their total energy expen- 
diture is far below that of the Western industrialized nations. 
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PROJECTED ENERGY USE TO YEAR 2020 


the generation and use of energy are 
so far-reaching, so entangled with eco- 
nomic, social, cultural, and even reli- 
gious considerations, that the road to 
meaningful change is studded with ti- 
ger traps. A review of even the seem- 
ingly simple actions sketched above 
will reveal why. 

Alternative energy options grew in 
attractiveness (at least in this coun- 
try) in the early 1970s, not primarily 
because of a concern over global warm- 
ing, but because they offered a chance 
to snip the shackles of dependence on 
foreign oil. Nuclear, fusion, photovol- 
taic, hydro, wind, tidal and ocean pow- 
er, synfuels . . .all seemed viable alter- 
natives to burning fossil fuels for most 
forms of energy use except transpor- 
tation. And all except the last produce 
no greenhouse gases. 

The trouble is that the development 
of most of these alternative energy 
sources has been captive to the gyrat- 
ing prices of imported oil. When the 
price of oil sinks, both business and 
government become reluctant to invest 
billions of dollars in the research and 
plant necessary to bring these com- 
peting sources on-line in a major way. 

At the beginning of the 1980s, for 
example, oil was $40 a barrel and 
seemed likely to rise, so that a pro- 
jected cost of $60 a barrel for synthetic 
fuel did not look totally unaffordable. 
But for many reasons, including the 
eruption of the Iran-Iraq war, the price 

[Continued on page 92] 
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GLOBAL WARMING AND ENERGY USE 


Current energy-use trend 
5-15 degrees F increase 


Energy use and global warming: The rate of future climate change will 
depend in large part on future energy policies because they will dictate the 
quantity of carbon dioxide emissions. The upper chart contrasts different 
projections for the increase in energy generation, by source, from 1980 to 
2020. A World Resources Institute (WRI) study suggests stringent conserva- 
tion techniques can hold energy use almost constant. But studies by the 
World Energy Conference (WEC) and the International Institute of Applied 
Systems Analysis (IIASA) predict that even with conservation, world energy 
use will double by 2020, with much of the increase coming from coal and 
nuclear. What such different scenarios could eventually mean in global 
warming is shown in the chart directly above. 


DETROITPREVIEW 
THE NEW 1990 


GOOD AS THE IMPORTS? 


Are Detroit's cars catching up with the rest of the world in de- 
sign, technical innovation, and customer satisfaction? Here's what 
industry leaders and watchers—both inside and outside the car 
companies—have to say. : 


tthe press previews 
of 1990 models, 
Buick general 
manager Ed- 
ward H. Mertz 
was unusually 
upbeat about his division's 
recent fortunes. And he had 
every right to be: The Buick 
Le Sabre had tied for sec- 
ond place in the latest edi- 
tion of J. D. Power and As- 
sociates' annual Initial 
Quality Survey, and the Bu- 
ick Riviera had tied for 
tenth overall. According to 
this respected survey of own- 
er-reported problems during 
the first three months of 
ownership, Buick scored 
seventh out of 37 domestic 
and import brands; Buick 
was the top American marque on the 
list. 

Mertz's enthusiasm didn't stop with 
the Power Survey results. He went on 
to compare the Le Sabre in a favora- 
ble light with the highly regarded 
Acura Legend. "In terms of fuel econ- 
omy, Le Sabre's numbers are nineteen 
and twenty-eight miles per gallon in 
EPA city and highway tests respec- 
tively" In comparison, the Acura Leg- 
end with an automatic transmission 
delivers 18 and 22 mpg in EPA tests. 
“In highway range,” Mertz adds, “the 
Le Sabre runs 504 miles per tank, 


By DON SHERMAN 


vick is now 


more than competitive? ? 


—Fdward H. Mertz, general manager 


Buick Motor Division 


compared with 296 miles for 
the Legend. The Acura does 
beat us in zero-to-sixty- 
mile-per-hour acceleration, 
but only by two-tenths of a 
second.” Mertz was also 
proud of his car’s base price: 
$15,800, as compared with 
the Legend’s $23,000. 

It is the goal of every car 
maker to be world class in 
quality, engineering, design, 
and customer satisfaction. 
By confronting the revered 
Acura Legend and beating 
it in several objective com- 
parisons, Mertz claims: “Bu- 
ick is now more than com- 
petitive. I believe we're 
world class.” 

This optimism has now 
spread to all corners of the 
domestic auto industry. The opinion 
that America really is catching up 
with the world’s premier auto mak- 
ers is slowly gaining momentum. To 
achieve world class status, American 
car makers must: 

* Satisfy the customer with excel- 
lent performance, reliability, and deal- 
er service. 

* Offer outstanding value. 

* Build automobiles with innova- 
tive and relevant technology. 

How well is Detroit responding to 
these challenges? After studying cus- 
Continued 
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| THE TOP FIVE CAR MODELS 


|. TRACKING THE QUALITY OF CARS 2 ле 
PROBLEMS PER 100 VEHICLES 


21% 
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Comparing quality, the Japanese build on their 
lead. European car makers make impressive strides 
ity, but still fall short. The domes dus 
try i: proving, but slower than the import sector, 
especially the Japanese. 


4. FORD CROWN VICTORIA 


Based on the J. D. Power and Associ- 
ates' Initial Quality Survey of owner- 
reported problems, the highest quality 
car sold in the United States is the 
Nissan Maxima. In second place, the 
Buick Le Sabre tied with the Toyota 
Corolla, followed by the Ford Crown 
Victoria in fourth place, and the Mer- ! 
cedes-Benz S-Class sedan in fifth. | 


5. MERCEDES-BENZ S-CLASS 
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tomer surveys and inter- 
viewing industry leaders 
and observers, I found that 
while Motor City fortunes 
are indeed on the rise, there 
are major hurdles ahead. 
Quality is a priority 

Comparing 1988 and 
1989 domestic models, the 
Power Initial Quality Sur- 
vey shows that the number 
of customer-reported quality 
problems per 100 domestic 
vehicles dropped from 177 
to 163, an eight percent 
gain in customer satisfac- 
tion. Collectively, the Euro- 
pean manufacturers showed 
an even more impressive 21 
percent improvement: 204 
problems per 100 cars in 
1989 as opposed to 258 pro- 
blems in 1988. As the world 
shifts into high gear on quality, the 
Japanese are moving ahead even fast- 
er, with a Power quality rating of 119 
defects per 100 cars, a 17 percent gain 
over 1988. Clearly the American car 
makers are achieving better quality, 
but it is against the backdrop of an 
increasingly competitive world where 
quality design and construction sepa- 
rate the winners from the losers. 

Each car maker also monitors war- 
ranty claim data as a gauge of cus- 
tomer satisfaction. Says Chrysler pres- 
ident Robert Lutz: “We now have two 
car lines where the C’s per hundred 
cars [the number of concerns, or re- 
imbursable warranty claims within 
the first year of ownership] are below 
200. American cars used to be in the 
600 range. On average, the Big Three 
are now down in the mid-200s in cus- 
tomer concerns. Up until three years 
ago, the sub-200 level was exclusive 
Japanese territory. Were making the 
fastest progress in history, and we're 
finding that some of the Japanese 
brands are actually deteriorating in 
this area." 

It is clear that the Japanese auto 
makers build the highest quality prod- 
ucts, but have a much harder time sat- 
isfying their customers when some- 
thing does break. According to the J. 
D. Power Customer Satisfaction Index, 
which tracks the resolution of prob- 
lems at the dealer level, all of the Ja- 
panese brands scored below the indus- 
try average of resolving 53 percent of 
problems. Nine of the 12 domestic 
makes listed scored above average at 
fixing defects when they occurred, 
with Chrysler resolving 61 percent of 
owners' problems—the best record for 
1989. Granted, domestic manufac- 
turers had more problems to start 


he challenge 


is to sell truly rele- 
vant high technology— 
not talking dashboards?? 


— David Cole, University of Michigan 


with, but they seem better able to fix 
them when they do occur. 

Lutz, whose company is the peren- 
nial domestic leader in the customer 
satisfaction survey, thinks this type of 
data is a godsend: "You can't termin- 
ate a dealership for not selling cars, 
but manufacturers can cancel a deal- 
ers franchise agreement for consis- 
tently sub-par—below national aver- 
age—CSI ratings.” 

Experts agree that great strides 
have been made in manufacturing 
quality during the 1980s, and some 
suggest that the domestic auto indus- 
try is quickly approaching the point 
where quality is no longer a critical 
issue. According to David Cole, direc- 
tor of the Office for the Study of Auto- 
motive Transportation at the Univer- 
sity of Michigan: “If one brand has a 
quality rating of one defect per car and 
another has a rate of 0.8 defect per 
car, the difference is insignificant. 


Quality then ceases to be a 
discriminating factor in the 
buyer’s purchase decision.” 

Lutz agrees: “I think 
within five years, quality 
will not be a differentiator.” 

When asked where he 
thinks Japan still holds the 
lead, Cole doesn't hesitate to 
answer: "The Japanese set 
the benchmark in all details 
related to execution of the 
product" He points to the 
efficiency of their engineer- 
ing efforts as setting them 
apart from the world. "They 
can design, develop, and 
produce very complex prod- 
ucts at very high quality 
levels quicker and less ex- 
pensively than anyone. Nev- 
ertheless, the American 
manufacturers are improv- 
ing. I don't think the gap in 
ability to execute engineering that ex- 
ists between America and the Japan- 
ese is lengthening." 

The recent Massachusetts Institute 
of Technology Commission on Indus- 
trial Productivity, composed of econo- 
mists, engineers, and scientists, re- 
ports that on average American car 
makers take five years to develop a 
car fully, compared with 3.5 years for 
their Japanese counterparts. The ma- 
jor reason, the commission found, is 
that the domestic manufacturers spend 
twice the engineering resources to pro- 
duce a new model. 

Structure and bureaucracy play key 
roles in which auto maker can engi- 
neer products the quickest and the 
best. At this summer's new-car intro- 
ductions, I noticed actions aimed at 
cutting layers of bureaucracy and 
streamlining the process. 

At Chrysler, two relatively new 
leaders—president Robert Lutz and 
vice president of vehicle engineering 
Frangois Castaing—have reorganized 
this automobile manufacturer's engi- 
neering departments. The old system 
was built around vehicle components: 
engines, transmissions, bodies, and so 
on. The new system is based on auto- 
motive platforms and more closely 
reflects the finished products. The new 
groups include: Jeep and Truck; cur- 
rent automobile platforms; the new 
generation LH/LX sedans that are ex- 
pected in the next three years; small 
engineering projects, such as the Vi- 
per sports car; and the Liberty ad- 
vanced-technology group. The auto 
manufacturer's goal is to allow engi- 
neers working on different aspects of 
the same project to communicate eas- 
ily and resolve conflicts, without ex- 
Continued 
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pending effort wading through innu- 
merable layers of bureaucracy. 


Computerized design 


Another innovation at Chrysler is 
a computer-aided styling system that 
permits designers to sketch auto- 
mobiles in uncanny detail on video 
screens—right down to realistic sur- 
face highlights and reflections. The 
complex process of refining a new de- 
sign can now be done using computer 
representations, with no need for time- 
consuming clay models until the cre- 
ative phase is essentially complete. 
Trevor Creed, Chrysler's director of in- 
terior and truck design told me this 
one new tool—so far a Chrysler exclu- 
sive—will trim a full year off the four 
it now takes to prepare a Chrysler 
product for market. This advance in 
computer-aided design could bring 
Chrysler close to the Japanese stand- 
ard of a three-year design cycle from 
concept to product. 

At the 1990 Chrysler press preview, 
Lutz told me of another area where 
America is catching up: "We're clos- 
ing the gap fastest in design. In fact, 
I don't think the United States ever 
lost its lead in this area. We may have 
pursued the wrong direction for a 
while, but American designers and 
aesthetics have always been at the 
forefront of the world." 

Many look to Ford as the American 
standard bearer in worldwide auto de- 
sign. With an impressive streak of en- 
gineering successes, including the 
Taurus/Sable line and the super- 
charged Thunderbird Super Coupe/ 
Cougar XR-7, Ford chairman Donald 
Petersen thinks that his company has 
caught the pack of Japanese car mak- 
ers. But he feels Ford is still chasing 
two of Japan's best: Toyota for its su- 
perior product quality and Honda for 
the speed at which it can introduce 
technical innovation. 


The technology gap 


The most difficult challenge facing 
Detroit today may be in embracing the 
latest technology. The Japanese auto 
makers have a clear lead in incorpo- 
rating today's technology into their 
products, and they show no signs of 
slowing down. Meanwhile, America 
seems to be running the technologi- 
cal race in leg irons. Says Toyota ex- 
ecutive vice president Robert McCurry, 
a former Chrysler executive: “I don't 
think the domestics are any closer in 
technology today than they were five 
years ago.” 

A case in point is variable valve 
technology. Honda, Nissan, and Mer- 
cedes-Benz now have cars on sale that 


60 | POPULAR SCIENCE OCTOBER 1989 


e're 


making the fastest progress 
in our history?? 


—Robert Lutz, vice president for 
vehicle engineering, Chrysler Corp. 


adjust the intake valve timing with 
respect to engine speed. This techni- 
cal advance reduces the compromises 
between high output and smooth op- 
eration of four-valve-per-cylinder en- 
gines. No domestic auto maker has yet 
announced plans to use such an ad- 
vanced valve train. 

It’s not that American engineers 
can't figure out new technology, like 
adjustable valve timing, multivalve 
combustion chambers, or all-wheel 
drive lines. J. T. Battenberg III, vice 
president and group executive of GM’s 
Buick-Oldsmobile-Cadillac group, in- 
sists that “technology is not the prob- 
lem. We have plenty of high-tech. The 
difficulty is getting it into the cars 
without driving-prices out of reach.” 

Decisions also are based on what 
Detroit thinks its customers want. An 
interesting example is the new-for- 
1990 Lincoln Town Car (see “Big Is 
Back,” this issue). Clearly price is not 
a major concern here. With a base 
price of approximately $28,000, it is 
one of Ford’s most expensive and suc- 
cessful products. The 1990 edition was 
engineered with great deliberation. 


Except for the addition of rear air 
springs, anti-lock brakes, and minor 
steering improvements, the Town 
Car’s 11-year-old chassis continues its 
second decade of production virtually 
unchanged. There is no new ultra- 
sophisticated engine, electronically 
controlled transmission, or independ- 
ent rear suspension in the new Town 
Car because Ford analysts felt the 
customers wouldn't appreciate those 
items. Instead, the interior and exte- 
rior were modernized without tamper- 
ing with the car's traditional styling. 
Ford engineers also took great pains 
to improve the ease of building the 
Town Car. The goal: build cars at 
higher quality levels than were the 
norm during the 1970s when the Town 
Car was last redesigned. 

If the new Lincoln Town Car is a 
success in the showrooms this fall, it 
will not be due to advanced technol- 
ogy. Rather, it will be because of room- 
iness, a soft ride, and an aura of pres- 
tige that appeals to the Town Car 
buyers. Successful low-tech models like 
the Town Car discourage American 
manufacturers from taking the plunge 
into the deep waters of advanced 
technology. 


World leaders 


Lutz, Cole, and other automotive in- 
dustry watchers insist that America 
leads the world in certain engineer- 
ing fields, particularly engine-control 
electronics. Detroit has made major 
progress in the application of advanced 
fuel injection and in designing cars 
with improved aerodynamics. And it 
was American industry that invented 
the bulk of emissions control equip- 
ment that the European auto makers 
are just now putting into widespread 
use. Another area in which the Amer- 
ican car makers currently hold a lead 
is in the installation of air bags, with 
Chrysler leading the pack by promis- 
ing to have driver-side air bags on 
16 car lines in 1990, amounting to 
approximately one million cars. 

As far as drive-train components go, 
however, America lags behind the 
world's best. Chrysler is the only 
American car maker with an electron- 
ically controlled automatic transmis- 
sion, now a mainstay on German and 
Japanese models. And while Toyota 
and Mercedes-Benz now offer five- 
speed automatic transmissions, Gen- 
eral Motors still relies heavily on 
three-speed automatic gearboxes. In 
fact, it's rare that any new GM prod- 
uct is born with a genuinely modern 
power train. A perfect example is the 
APV minivan [Cover story, June]. Un- 
der the уапв futuristic-looking plas- 
tic skin lies an old-tech 3.1-liter V6 


DETROITPREVIEW 
Fuel economy? The energy 
crisis is a faint memory. Big- 
ger cars, engines, and the 
transmissions to back them 
[ 
up highlight the 1990 model 
year. Sounds familiar—but 
this time innovations in com- 
puter-based braking and 


traction control are used to 

IS BACK- 
maximize ride, performance, 
and, yes, even fuel economy. WITH A HIGH-TECH ADVANTAGE 


By DAN McCOSH and BRIAN NADEL 
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mated with a rustic three-speed auto- 
matic transmission. 

Cole points out the distinction be- 
tween high technology and high pre- 
cision. “High tech is four-valve com- 
bustion chambers and all-wheel drive. 
High precision is making the cylin- 
der bores perfectly round and straight 
every time,” Cole says. “America is 
finally achieving high precision in en- 
gine manufacturing, something the 
Japanese had to accomplish a long 
time ago to take the next step with 
their high-revving, high-specific-out- 
put small-displacement engines.” 


Relevant technology 


“Now,” says Cole, “the challenge to 
both America and Japan is to sell 
truly relevant high technology—not 
talking dashboards. Everybody wants 
four-wheel drive if it’s free; when it 
costs $2,000 there are fewer takers. 
Multivalve combustion chambers are 
also difficult to sell to value-conscious 
consumers because not everyone un- 
derstands the benefits.” 

Virtually every Toyota sent to 
America—from the compact Corolla 
to the just-introduced Lexus LS 400 
luxury sedan—is powered by a sophis- 
ticated engine with a four-valve com- 
bustion chamber. The Big Three sell 
a few four-valve-per-cylinder engines 
as well. All but two—GM’s Quad 4 
and the Corvette LT5 V8—are made 
elsewhere. Recently General Motors 
invested heavily to modernize two of 
its pushrod V6 engines dubbed 3300 
and 3800, denoting their displacement 
in cubic centimeters. Updates for these 
engines include: 

© State-of-the-art fuel delivery 
systems. 

* Cylinder bores re-centered with 
respect to crankshaft journals to 
reduce drive-line vibration and 
harshness. 

* A balance shaft to smooth opera- 
tion in the larger of the two engines. 

* Advanced machining and statis- 
tical quality control in the manufac- 
ture of the engines. 

The result was two "new" engines 
that are certainly high precision, but 
not genuinely high tech. That includes 
the tuned-port-injection version of the 
3800 V6 that GM's Buick division will 
introduce on the Regal this spring. As 
long as GM V6s use pushrods to open 
valves and eschew overhead-camshaft 
valve actuation, they'll have some 
difficulty winning the respect they 
deserve. 


Simple, durable technology 


It is GM's contention that the low- 
tech approach is beneficial to the cus- 
tomer because the extra expense of an 


echnology is 


not the problem. The 
difficulty is getting it 
into the cars without 
driving prices ovt of 


reach?? 
—J. T. Battenberg Ill, vice president 
Buick-Oldsmobile-Cadillac Group 


exotic valve train is avoided, yielding 
a simpler and more reliable power 
plant. In fact, Ed Mertz's pride and 
joy, the Buick Le Sabre, which scored 
so well on the J. D. Power survey, uses 
the 3800 V6 engine exclusively. In the 
two years it's been on the market, the 
LeSabre's warranty claims have been 
reduced by 70 percent, and they are 
now approximately one-tenth what 
they were as recently as the 1986 
model year. 

Instead of the small-displacement 
high-revving overhead-cam engines fa- 


vored by the Japanese, Detroit gener- 
ally favors larger, slower-turning en- 
gines to power its typically heavier 
cars. This approach has some impor- 
tant engineering advantages that go 
beyond lower manufacturing costs and 
the inherent durability of a simpler 
design: better low-end torque, quieter 
running on the highway, and, in some 
instances, superior fuel economy. So the 
issue is not a simple desire on Detroit's 
part to postpone the design expense 
and new tooling necessary to produce 
high-tech engines: With a large base 
of traditional customers who rank 
value highly in their purchase deci- 
sions, it would be foolhardy to rush 
the application of advanced technol- 
ogy just so Detroit could mimic the 
Japanese. 

Nevertheless, Detroit has been so 
hesitant to turn its back on traditional 
value-conscious customers that the 
Japanese and Europeans have easily 
attracted the younger, wealthier buy- 
ers eager for fun-to-drive advanced- 
technology automobiles. A quarter of 
a century ago, the name Honda stood 
for 50-cc motorcycles and Cadillac was 
the standard of automotive luxury. 
Now the Honda name is uttered with 
reverence bordering on a religious ex- 
perience, and Cadillac is desperate for 
recognition. 

Explaining the recent flourish of 
Japanese-made high-tech sports cars 
— from the powerhouse Nissan 300ZX 
to the soon-to-be-introduced Acura 
NSX—Steve Wall, corporate product 
development manager at Nissan, says, 
"The Japanese want supremacy. They 
are intent on achieving success. But 
success to U.S. companies is based 
on profits, while the Japanese want 
reputation." 

There is an undeniable link between 
technology and image that is far 
stronger than the tie between tech- 
nology and performance. Mertz's Le 
Sabre and the Acura Legend may be 
neck and neck in 0-to-60-mph races, 
but theres a yawning gap in image 
between the two. To its everlasting 
credit, Buick has proven that achiev- 
ing world class quality is well within 
its capability. The next logical step is 
obvious. Buick—and every U.S. car 
maker genuinely interested in win- 
ning world class auto making status 
—must plow a greater share of its 
profits back into developing and refin- 
ing its cars. It must put greater em- 
phasis on engineering and build a new 
generation of automobiles that is the 
envy of the world. Investing for the 
future in truly relevant technology 
will simultaneously uplift both the 
performance and prestige of American 
automobiles. 05 
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s recently as a decade ago the 

imminent death of the large 

American luxury sedan 

seemed as certain as the 

gas lines that extended 

around the block. Gas 

price hikes and government-mandated 

pollution reduction and fuel economy 

requirements signaled the end for 
these behemoths. 

But Americans got used to higher 
gas prices and at the same time re- 
jected small luxury cars. For 1990 De- 
troit returns to the once sacred theme 
of “bigger is better.” This time around 
power and size are accompanied by so- 
phisticated electronics and engineer- 
ing as never before. While the 1990 
model news may seem somewhat ret- 
rograde, some timely technical inno- 
vations are beginning to appear. A 
prime case in point is integration of 
various electronic systems for total 
motion control. More on that later. 

The 1990 luxury cars—including 
the Lincoln Town Car and Chrysler 
Imperial—are better built, easily out- 
handle their forebears, and do it with- 
in tight EPA emissions limits and with 
double-digit fuel economy. At Ford, a 
new conservatively styled body for the 
Lincoln Town Car ensures the survival 
of that V8-powered, rear-drive, full- 
frame classic. Ford sticks with a suc- 
cessful, if dated, recipe with such in- 
gredients as a rigid rear axle and the 
five-liter V8 engine of its predecessor, 
but adds in anti-lock brakes, rear air 
suspension, speed-sensitive power 
steering, and aircraft style doors with 
flush windows. The result is a conven- 
tional, quiet, no-fuss luxury car that 
transports six passengers and their 
luggage. The styling follows Ford’s 
most recent design successes: the Tau- 
rus and Thunderbird. The Town Car's 


coefficient of drag was trimmed from 
0.46 to 0.36, with vastly reduced wind 
noise as the most striking outcome. 

I recently had a chance to test the 
Town Car's electronically controlled 
rear air suspension. The ride is domi- 
nated by a heavy floaty feeling that 
is undisturbed by minor road bumps, 
yet has a reasonably solid feel in the 
corners. The rear axle is suspended 
on air springs reminiscent of those on 
a Greyhound bus. These coffee-can- 
Shaped devices are automatically 
pumped up to compensate for load var- 
iation, so it doesn't matter if your 
Aunt Bertha or your briefcase is sit- 
ting on the back seat. 


r 1990 Chrysler has revived the 
Imperial nameplate. It's the lat- 
est, and hopefully the last, K-car 

derivation. The sedan is a mere 68.9 
inches wide and can comfortably ac- 
commodate only two across in the back 
seat. A full air suspension, which 
Chrysler engineers told me will reduce 
the compromises of a coil spring sus- 
pension, is offered. And by using Chry- 
sler's 3.3-liter V6 and four-speed au- 
tomatic transmission, the gas-guzzler 
penalty is avoided. The Imperial is 
planned for a late fall introduction. 

The rear-drive Cadillac Brougham 
gets a revamped 5.7-liter V8 engine 
option with throttle-body fuel injec- 
tion. The engine is rated at 175 horse- 
power, with an abundant 400 pound- 
feet of torque that is available at a 
sedate 2,000 rpm. However this comes 
at the expense of fuel economy rat- 
ing: 14 mpg in the EPA city test and 
24 mpg on the highway, and an $850 
gas-guzzler tax. 

If you parked the Caddy and Town 
Car next to each other, you'd see that 
barely an inch separates them in 


length and height, although the 
Brougham is slightly narrower. Side 
by side, the Town Car's rounded, flow- 
ing lines look more up to date to my 
eye than the Brougham's sharp, an- 
gular styling. 

Docking fees would seem more ap- 
propriate than parking tickets for the 
new cars that dominate the 1990 in- 
troductions. But there are some sport- 
ier derivations as well. However, raw 
power has been tempered with elec- 
tronics as never before. 

At the Cadillac press introduction, 
engineers dumped a gallon of dish de- 
tergent onto an already wet road. 
Were they trying to clean it? Actually, 
the engineers were creating a surface 
10 times slipperier than ice to test 
the 1990 Allanté’s traction-control sys- 
tem. I slammed open the throttle, an- 
ticipating spinning wheels and wild 
darting as the front-wheel-drive car 
tried to grab for traction. Instead, the 
drive wheels accelerated only to where 
they began to slip, then slowed enough 
to grip the pavement— despite my foot 
pushing the accelerator pedal to the 
floor. 

The traction-control system inte- 
grates sophisticated computerized mo- 
tion-detection technology with devices 
designed to control the drive train. 
These systems rely on a disc rimmed 
with evenly spaced slots that gener- 
ates a voltage spike when passed by a 
stationary coil. Locked to a rotating 
shaft, this seemingly simple device 
converts the wheel's mechanical rota- 
tion into a series of digital pulses from 
which a microprocessor can deduce 
speed. 

The control computer looks for a 
wheel stepping out of sequence from 
the others—the first indication that 

Continued 


Designers of the Lincoln Town 
Car were able to retain the car's 
traditional upright styling, while 
giving it a more modern look 
and improving airflow over the 
body: coefficient of drag was re- 
duced from 0.46 to 0.36. 
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a wheel is spinning. When the Bosch- 
designed system detects a 10 percent 
speed difference between the wheels, 
it springs into action, pulsing the run- 
away wheel’s brake, slowing it enough 
to regain grip. Keep the throttle open 
for more than three seconds, and a sec- 
ondary logic circuit begins cutting off 
fuel to the engine’s injectors one at a 
time. This, in turn, drops the engine’s 
output, making wheelspin all but 
impossible. 


e Allanté’s traction-control sys- 
tem demonstrated to me the po- 
tential for one computerized sys- 

tem to “build” on another, creating a 
sort of computerized synergy. The race 
is on to integrate all electronically 
based motion-control systems com- 
pletely: four-wheel drive, traction con- 
trol, and anti-lock brakes. The goal is 
for all the motion-control devices to 
interact smoothly. 

The first act in the elaboration of 
the motion-control play appears to be 
the 1990 Corvette, which uses a lat- 
eral accelerometer to balance the 
brakes fore and aft in hard cornering. 

When I tested the third generation 
Bosch ABS system on the 380-hp Cor- 
vette ZR-1, I had the strange sensa- 
tion of tempting fate. I was coming 
down the rain-slicked Watkins Glen, 
N.Y., track at 130 mph and threw cau- 
tion to the wind by slamming on the 
brake pedal. I then felt the anti-lock 
brakes ratchet and pulse as the brake 
pads grabbed and released in a con- 
trolled and powerful manner to bring 
the car safely to a stop. The match- 
book size lateral accelerometer senses 
when the Corvette is about to slide, 
and in an instant signals the computer 
to adjust the balance of braking force 
between the front and rear brakes to 
stabilize the stop. 

At the other end of the economic 
practicality scale, Ford unveiled a 
low-cost electronically controlled four- 
wheel-drive system for its Aerostar 
minivan. The Ford four-wheel-drive 
system couples the front and rear ax- 
les through a planetary gear that al- 
lows each axle to run at its own 
speed—essential to on-road full-time 
operation. 

Ford’s new electronic four-wheel- 
drive system employs a wheel-speed 
sensor at each side of the planetary 
gear, where power is split one-third 
front, two-thirds rear under normal 
driving conditions. When the sensors 
detect a speed difference between the 
front and rear wheels—a sign one of 
the minivan's wheels has lost traction 
—the transfer case planetary gear is 


64 | POPULARSCIENCE OCTOBER 1989 


FOUR-WHEEL. 
HYDRAULIC LINES. 


automatically locked with an electro- 
magnetic clutch, and power flows to the 
front and rear axles equally. Three sec- 
onds later the transfer case will un- 
lock briefly to reevaluate the situation. 

The Ford Aerostar system works 
well over a variety of situations, al- 
though the drive train made a notice- 
able lurch on starting and later when 
one wheel dropped onto a section of 
gravel. 

An interesting contrast is the Chev- 
rolet Astro four-wheel-drive minivan, 
which uses a viscous coupling across 
the planetary gear rather than elabo- 
rate sensors and electronics. This all- 
mechanical system bridges the gap be- 
tween the front and rear wheels with 
a series of parallel plates alternatively 
connected to the front and rear wheels, 
and riding in a special silicone fluid 
(see drawing). If all wheels have good 
traction, the plates rotate at the same 
speed, and the viscous coupling unit 
has no effect. But if one wheel loses 
grip with the road, the stiff liquid par- 
tially locks the front and rear wheels 
together. 

Chevrolet claims the major benefit 
is simplicity, and presumably reliabil- 


ILLUSTRATIONS BY 
RUSSELL VON SAUERS 


FOUR-WHEEL 
ELECTRONICS 


When front wheels begin to 
lose grip, wheel sensors on 
the Cadillac Allanté’s traction 
control system (top) send a 
signal to the computer to acti- 
vate the anti-lock brakes via 
a specialized plunger assem- 
bly. The brake fluid enters 
traction control plunger to 
produce short pulses of brake 
pressure to slow the spinning 
wheel. If wheelspin continues, 
the engine is shut down se- 
quentially by cylinder. Chev- 
rolet Astro (above) is the first 
minivan with four-wheel anti- 
lock brakes. Sensors at all four 
wheels determine wheel speed, 
and the brakes are individu- 
ally pulsed if the computer 
detects any significant speed 


difference between wheels. 


ity. The operation of the all-wheel 
drive train on the Astro is so unob- 
trusive as to be invisible to the driver. 
Traction is sure-footed and smooth, in 
contrast with the Aerostar, where you 
can feel the transfer case locking if it 
engages with the wheels spinning. 
The Astro also is the first minivan 


to use the new Kelsey-Hayes four- 
wheel anti-lock brakes. This system 
is similar to ABS in cars by using 
wheel-speed sensors at each wheel, 
rather than a single unit on the rear 
axle. In this way, each brake can be 
individually pulsed for better braking 
performance (see drawing). 

Minivans from Chrysler still lack 
an all-wheel-drive option or even anti- 
lock brakes, but these models, as well 
as the company’s smaller front-drive 
models, will get a new five-speed man- 
ual transmission. The vague feeling 
of Chrysler manual gearboxes, which 
made the shifter feel like a butter 
churn, has long been a sore point. By 
using a three-plane geometry setup, 
the transmission has a more positive 
feel, and vastly smoother operation. 
Engineers told me that by increasing 
the bearing surfaces and generally 
bolstering the design, they were able 
to reduce internal friction and shift 
effort. It is a step forward for Chrysler, 
which is trying to cultivate a sportier 
image these days. 

Chevrolet’s Geo line presents two of 
this year’s most exciting cars. First, 
there is the all-new two-seat Storm, 
designed and built by General Motors’ 
Japanese affiliate Isuzu. Powered by 
an optional 1.6-liter dual-overhead- 
cam 16-valve engine, the 125-hp Storm 
is a worthy competitor to Honda’s CRX 
coupe. With a 51.1-inch height, you 
can hold your hand out and easily pat 
the Storm on the roof. In fact, the car 
is so cute that you are inclined to do 
something like this at first acquaint- 
ance. On the track, the Storm trades 
cute for aggressive, although it is not 
an overwhelming car. The sleeper in 
the Geo lineup is likely to be a sport 
edition of the Geo Prizm sedan, a prod- 
uct of the joint venture between GM 
and Toyota. The Prizm GSi has a 1.6- 
liter 16-valve 130-hp engine and a spe- 
cially tuned suspension that is enjoy- 
able to drive both at the track and on 
public roads. The Prizm GSi is ex- 
traordinarily smooth and powerful, 
but is a late entry in an already 
crowded class of sport sedans. 

Most of the remaining performance 
cars introduced this year are surro- 
gates of previous models with some 
kind of hormone injection of a new 
power plant. Oldsmobile and Chevrolet 
use a more potent 180-hp version of 
the Quad 4 2.3-liter 16-valve four- 
cylinder engine to create a “new” Olds 
442 Calais and Beretta GTZ, respec- 
tively, while Pontiac is using the 
Grand Am as a showcase for this lit- 
tle gem of an engine. Engineers made 
the 30-hp upgrade by raising the com- 
pression ratio to 10:1, using a more 
aggressive cam profile, and enlarging 
the valves. On the road, though, the 
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most noticeable feature is the result 
of a noise-reduction program that qui- 
ets this high-output engine. 


e engine of choice for 1990, how- 
ever, is the V6, which is beginning 
to squeeze out turbocharged four- 

cylinder engine options in sporty cars. 
Ford is adding a three-liter V6 option 
to the Mazda-built Probe and Chrysler 
now will make the Mitsubishi-built 
three-liter V6 available in the Daytona 
and Le Baron coupes. Chrysler also 
unveiled the first volume production 
application of a variable-nozzle turbo- 
charger as an option on both the Day- 
tona and the diminutive Shadow [“Tur- 
bo To Go,” Aug]. After driving the 
VNT-equipped car, I felt the most im- 
pressive change was the addition of a 
balance-shaft system that effective- 
ly soaks up much of the engine’s 
roughness. 


Two approaches to all-wheel 
drive. Top drawing shows the 
Ford Aerostar minivan with 
its electronically controlled 
locking planetary gear that 
divides engine power between 
front- and rear-drive wheels. 
By contrast, the Chevrolet 
Astro (above) uses an all- 
mechanical approach. Power 
is divided between the front 
and rear wheels by a viscous 
coupling (see detail) just be- 
hind the transmission. 


Chrysler now uses driver-side air 
bags to satisfy 1990 government pas- 
sive restraint requirements on 16 of 
its car lines, a total of one million au- 
tos. This has meant a full redesign of 
the automobile manufacturer's steer- 
ing wheels that for the first time in- 

Continued 
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corporate cruise-control switches. 

One oddball in the performance 
league points out a relatively new 
trend that has had an enormous im- 
pact on the auto industry—the so- 
called "crossover market," where 
trucks substitute for cars, rather than 
being used exclusively as load-haulers. 

Take the 454 SS Chevy pickup 
truck, which has had a 7.4-liter V8 
stuffed into the engine bay of a C-1500 
pickup. The big block develops 230 hp 
and 385 Ib.-ft. of torque, which actu- 
ally exceeds the Corvette ZR-1’s torque 
rating. After driving the 454 SS I got 
the strange feeling that this truck 
would be favored more by urban cow- 
boys than the real variety of cow folk 
due to the abysmally low gas mileage 
of the monster engine. 

Even compact trucks have been in- 
dulging in a horsepower race for sev- 
eral years. This year's entry is the 
four-liter V6 from Ford for the Ranger 
pickup and Aerostar minivan. The en- 
gine is based on Ford's 2.9-liter unit, 
with a lengthened stroke and a larger 
bore to up displacement to an even 
four liters. Power output is 160 hp, 
but more impressively torque has been 
boosted to 240 Ib.-ft. 

The Ford V6 shares the engine spot- 
light with Chrysler's new 3.3-liter V6 
designed exclusively for passenger 
cars. Both employ a relatively conven- 
tional 60-degree angle between cylin- 
der banks, pushrod valve actuation, 
cast-iron blocks, with technical up- 
dates like sequential-port electronic 
fuel injection and roller valve lifters. 
It's worth noting that Chrysler’s new 
V6 is only the first in a series of en- 
gines based on the same block, with 
turbocharged and multivalve versions 
on the way. 

Upcoming on the domestic front is 
a flurry of activity. GM’s Saturn Di- 
vision is close to production of the first 
car engineered in the United States 
from scratch since the mid-1960s. 
Ford’s new modular engine program 
promises a sorely needed new lineup 
of power plants for that company, and 
Chrysler is working out the details of 
its new platform. 


ne advantage currently held by 

U.S. car makers is fuel econ- 

omy, such as Chevy’s new Lu- 
mina that has a 29-mpg EPA high- 
way rating. Today many import 
models have grown in both bulk and 
power, with corresponding fuel penal- 
ties. For example, the 1990 Honda Ac- 
cord weighs in nearly a half-ton heav- 
ier than when it was introduced 12 
years ago. Along the way, fuel econ- 
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omy has steadily dropped from 38 mpg 
to the 1990 model’s 23 mpg. 

The result is a kind of convergence, 
where there are more similarities than 
differences between today’s domestic 
and imported cars, although domes- 
tic engineering today is sticking with 
mechanically simpler designs on its 
mainstream models. 

The race is getting tougher, the dif- 
ferences smaller, and the outcome 
more difficult to predict. Considering 
the growing similarities between cars, 
perhaps the question should be re- 
phrased: “What car is state of the art?” 
not “What country?” 057 
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SHIFT RAIL 
New Chrysler five-speed 
transmission uses four shift 
rails for smoother shifts. 


SUN STOPPER 


With a 19-square-foot windshield—by far the 
largest of any car or minivan on the road 
today—the Chevrolet Lumina APV faces a 
constant battle with the sun. Thermal over- 
load results when the sun's heat-carrying 
infrared radiation overwhelms the vehicle's 
cooling system. The solution is either to 
upgrade the vehicle's air conditioner to 
compensate for the extra load or engineer a 
glass that selectively blocks the sun's heat 
energy, but remains transparent. Chevrolet, 
along with PPG Industries, developed a 
multilayer laminated glass product called 
Sungate that reflects or absorbs 60 percent of 
the sun's thermal energy striking the glass 
surface, according to Rudy Malobicky, PPG’s 
product manager for automotive products. 

“The key isa 1,500-angstrom [six-millionth 
of an inch or about 1,000 times thinner than 
a piece of paper] layer of silver applied to the 
glass surface that reflects the sun's heat 
energy,” says Malobicky. Over the silver are 
multiple layers of oxides of zinc, copper, and 
titanium each less than 200 angstroms thick 
to form a highly effective multilayered heat 
filter (see drawing). You can't see the silver 
layer because these ultra-thin intermediate 
layers smooth the transition of refractive 
index between the silver and glass: “It's like 
bridging the gap in little steps, not in one 
huge jump," explains Malobicky. 

Tests, using thermal imaging of the van's 
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interior, show that Sungate glass kept the 
vehicle between 5 and 10 degrees F cooler 
than standard glass, according to PPG 

To layer glass precisely with a variety of 
metals, a process called vacuum sputtering 
has been adapted from the computer chip 
industry. Inside a 100-foot-long vacuum 
chamber the glass pieces that make up the 
exterior sheet of glass, looking like large clam 
shells, are lined up and bombarded with 
atoms corresponding to the various metals 
desired. These atoms coalesce to form the 
fine layers needed. To that the interior glass 
sheet is attached with a plastic interlayer that 
will keep the glass from shattering in the 
event of an accident. —Brian Nadel 


The aggressively styled Chevrolet Geo Storm is an Isuzu-built two-seater 
powered by a 125-hp double-overhead-cam four-cylinder engine. 
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O=IT=ALL 


HEAT PUMPS 


Two new heat pumps use waste house heat to give you free 
hot water in summer. In winter, when they’re not working 
full time, they heat water more efficiently than electric 
resistance. The machines share some engineering similari- 
ties, but are distinguished more by their differences. 


By MARIETTE DiCHRISTINA 


ayne Reedy can't imag- 

ine being anything but 

a heat-pump engineer. 

With a father in the re- 

frigeration business, he 

grew up with the idea. “I’ve never 

wanted to do anything else,” he says. 

Reedy’s dedication has made him an 

important figure in what may be one 

of the most significant advances in 

heat-pump technology since the ma- 

chines were introduced in the late 

1950s: fully integrated water heat- 

ing. Two new machines, the Mac=Pac 

made by Artesian Building Systems 

and Carrier Corp.’s HydroTech 2000 

[Feb.] provide this capability at high 

efficiencies. And Reedy, vice presi- 

dent for engineering at Artesian, has 
worked on both. 


Heat-pump primer 


Heat pumps essentially are air con- 
ditioners that can run backward. They 
have a reversing valve that switches 
refrigerant flow to bring heat from 
outside air into your home in winter. 
They are more efficient than electric- 
resistance heating because they use 
electricity to move and enhance heat, 
not just to create it. 

In the past, there were two ways to 
channel the efficiency of a heat pump 
for domestic water heating (the third 
biggest energy user in a home after 
heating and cooling). One was a dedi- 
cated heat-pump water heater lApril 
'801, which works well in many cli- 
mates. But the machines take up 
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space, are expensive, and take no ad- 
vantage of waste heat from a heat 
pump's cooling cycle. Another ma- 
chine, a waste-heat water heater, does 
only that [Aug.'80]. But these add-on 
devices add complexity, are costly, and 
cut the heat pump's basic efficiency. 

With the HydroTech and Mac- Pac, 
water heating is an integral part of 
the operation. Thus, a single machine 
provides water heating, space heating, 
and air conditioning. 

The two share some similarities. 
Both bring the compressor indoors, 
easing winter trouble-shooting and re- 
ducing outdoor noise. Both can be 
used with an existing hot-water tank, 
though Artesian also sells a Mac- Pac 
with a built-in tank (see illustration). 

The machines' cleverness lies in 
basic design simplicity. The extra 
modes have been incorporated with- 
out much altering the standard heat- 
pump layout. The chief exception is a 
second refrigerant line for HydroTech's 
novel defrost cycle. The line lets the 
machine borrow heat from the hot 
water to melt ice on the outdoor coil 
in the winter (see captions). 

The Artesian and Carrier systems 
(which received patents within a few 
months of each other) were developed 
without either company knowing of 
theother's work—and under different 
philosophies. 

Mac- Pac grew out of research that 
indicated greater energy savings were 
possible with integrated systems. (The 
name derives from *mechanical pack- 


Engineer Wayne Reedy, whose name 
appears on a patent for the HydroTech 
heat pump that was taken out when 
he was a Carrier researcher, now 
works on product improvement for 
Artesian's Mac=Pac. 


аре”) “We decided," says Artesian’s 
president, Maurice Rice, "that, as far 
as we could, we'd keep it simple and 
use available, proven technology." 

HydroTech had a different genesis: 
It's a product of a no-holds-barred six- 
year $6.5-million joint research effort 
by Carrier and the Electric Power Re- 
search Institute. 

Now in charge of future develop- 
ment for the Mac-Pac, Reedy was 
lured to Artesian in Lafayette, Ind., 
after his research group at Carrier 
was disbanded. There, he tells me 
about the problems of adding water 
heating to the heat-pump cycle. 

Reedy juts over his orderly desk and 
stabs with slender fingers at the re- 
frigerant-flow diagram between us. 
"This is a standard heat pump," he 
says in rich, precise tones. "It's where 
everybody starts" He draws a water 
tank outside the flow path. “Now, to 
integrate water heating without the 
system becoming too complex and ex- 
pensive, and have it work under all 
conditions, well, that's a trick. 

"The most obvious way to add water 
heating," he continues, "is to put in a 
separate refrigerant line from the com- 
pressor, through the heat exchanger, 
and reattach it to complete the cir- 
cle" He pencils in the connections. 

"Then you need a solenoid valve to 
switch the water heating on and off," 
he says, adding that to the drawing. 
"That's fine, except that when you're 
not heating water, refrigerant will liq- 
uefy and accumulate in the heat ex- 


changer because it’s not being pushed 
along by the compressor. A check valve 
will stop this by preventing the refrig- 
erant from backing up [he draws one 
in]. But even then, some refrigerant 
will get trapped between the valves 
when you're not heating water. To 
draw off this refrigerant, you can add 
a capillary tube and hook it into the 
suction side of the compressor" Soon 
Reedy has made a knot of the hypo- 
thetical heat pump. “You see,” he says, 
“now we've got all these extra valves, 
and we've still got problems. 

“But by putting the heat exchanger 
in the same compressor discharge line 
as for the other modes, you make sure 
it always has hot refrigerant vapor in 
it and won't accumulate liquid,” Reedy 
says. "It's as simple as that." 

Arvo Lannus, manager of residen- 
tial programs at EPRI, agrees: "It's 
very easy to create a complicated flow 
scheme that requires many valves 
—each adding to pressure drop, cost, 
and potential for failure." 

Continued 


MAC= PAC 


The Mac=Pac heats water with excess 
capacity in winter and waste heat from 
the house in summer. The refrigerant 
circuit is standard, except for the addi- 
tion of a desuperheater (below). 

In winter (red), the refrigerant, a 
low-boiling-point fluid, boils in the low- 
pressure outside coil, then acting as an 
evaporator. The resulting gas travels 
on to the compressor, where its temper- 
ature and pressure are boosted. The 
gas then enters the desuperheater, a 
heat exchanger, where some heat is 
transferred to cold water piped from 
the bottom of a water-heater tank. The 
desuperheater removes only superheat: 
that above what it takes to keep the 
refrigerant in gaseous form. The refrig- 
erant, still hot and a gas, travels to 
the inside coil, where it condenses, giv- 
ing up heat to the house. Space heating 
takes precedence over water heating. 
When the house's heat needs about 
equal the capacity of the heat pump, a 
control shuts the supply of water to 
the desuperheater, and the water is 
heated by backup electric elements. 
Backup resistance heat also supple- 
ments the heat pump for space heating. 

In summer (green), hot refrigerant 
gas from the inside coil, now acting as 
an evaporator, is further heated and 
pressurized by the compressor. The 
gas enters the desuperheater, where 
some waste heat is transferred to the 
tank's cold water. The refrigerant con- 
tinues to the outdoor coil, where it 
dumps more heat to the outside air as 
it condenses. The now-liquid refriger- 
ant passes through an expansion valve 
intothelow-pressureevaporator, where 
itboils, picking up heat from the house, 
and becomes a gas again. 
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HYDROTECH 2000 


Carrier's HydroTech 2000 provides hot 
water when it is cooling or heating—or 
neither—and adds a novel defrost. 

In summer (green), hot gas from the 
compressor goes to the refrigerant-to- 
water heat exchanger, where it desu- 
perheats and condenses, dumping most 
ofthe waste heat, then on to the out- 
door coil, to release the remaining heat. 
The liquid refrigerant evaporates in 
the indoor coil, absorbing heat, and 
returns to the compressor. 

In winter (red), hot gas from the com- 
pressor goes to the refrigerant-to-water 
heat exchanger, transferring some heat. 


ЕРКІ first patent for the Carrier 
HydroTech (which is in Reedy's name, 
by the way) used just four refrigerant- 
control valves: a reversing valve, a 
unique electronic pulsing two-way, or 
bi-flow, valve, an expansion valve, and 
two check valves—one allowing gas 
to run in the heating or cooling modes 
and one for defrost. 

But more significant is the subse- 
quent EPRI patent by Carrier re- 
searcher Kevin Dudley, says Harry 
Hale, Carrier's director of corporate 
engineering services. In the patent, 
which embodies the production design, 
the refrigerant flow was reworked to 
drop one check valve, making the to- 
tal three. “The simplification of the 
refrigerant circuit improved cost and 
reliability," explains Hale. 

The machines' differences really 
show up in their components. Arte- 
sian chose conventional parts to fit the 
company's emphasis on cost, simplic- 
ity, and reliability, says Reedy. "We had 
the same objectives," says Hale of the 
HydroTech, “but have also added many 
new-technology features." 

The HydroTech, for example, uses 
a variable-speed compressor with mi- 


70 | POPULARSCIENCE OCTOBER 1989 


Therefrigerant continues to the indoor 
coil, where it condenses, giving up heat 
to warm the house. It passes through 
the bi-flow expansion valve (see text) 
and on to the low-pressure outdoor 
coil. There, it boils, removing heat from 
the air, and returns to the compressor. 

When the house needs no cooling or 
heating, HydroTech acts as a dedicated 
heat-pump water heater. The gas flows 
in the same path as for heating. Backup 
water and space heating is from elec- 
tric-resistance elements. 

To defrost the outdoor coil (orange), 
refrigerant travels through a second 
circuit and is evaporated by heat from 
the water in the refrigerant-to-water 
heat exchanger. The water tempera- 
ture is raised again afterward. 


croprocessor controls that match the 
speed of the compressor to the heating 
or cooling load. This, coupled with a 
multispeed indoor blower, provides 
better dehumidification in the cooling 
mode, increases efficiency, reduces 
noise, and may improve reliability. 
"It's the starts and stops that kill a 
compressor," declares Lannus. While 
he acknowledges that the relatively 
new variable-speed technology adds 
complexity, he points out the benefits: 
“It’s unbeatable in terms of comfort 
and temperature control.” 

The Mac=Pac uses a desuperheater, 
which removes some heat to warm 
water, but not enough to condense the 
refrigerant (see caption); thus, it pro- 
vides hot water only when it is also 
heating or cooling. But the HydroTech 
can run as a dedicated heat-pump 
water heater. The reason: Its refriger- 
ant-to-water heat exchanger takes ad- 
vantage of the latent heat of conden- 
sation, which provides several times 
the heat energy of desuperheating. 
“When you don't need cooling or heat- 
ing you still need hot water—for a 
shower. or the dishwasher,” says Lan- 
nus. "The only time HydroTech can't 
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provide all your hot water is when it's 
running full time to heat the house." 


Ingenious defrost 


During winter, when a heat pump's 
outdoor coil is acting as an evaporator, 
ice can form on it. So all heat pumps 
include a defrost mode. 

The Mac- Pac uses a standard time- 
temperature system: Below a set tem- 
perature, the defrost kicks in at 90- 
minute intervals. The heat pump 
Switches to cooling mode, taking heat 
from indoor air to defrost the coil, and 
using backup resistance heat to com- 
pensate for indoor temperature loss. 

But a temperature sensor in the 
HydroTech triggers defrost only when 
needed. Then, refrigerant passes 
through the outdoor coil and follows 
a secondary line through the refriger- 
ant-to-water heat exchanger to defrost 
the coil using stored heat from the 
water. "It's a nice feature," admits 
Reedy, "and one of the things in the 
patent with my name on it that I 
haven't been able to get around." 

The HydroTech also has software 
that will enable utilities to slow the 
compressor, reducing the unit's power 
draw during peak times—but not 
interrupting space conditioning. 

How do the machines compare in 
performance? The Seasonal Energy 
Efficiency Ratio (SEER), a standard 
measure for cooling efficiency, and the 
Heating Seasonal Performance Factor 
(HSPF), the equivalent for heating, 
are impressive for both. For a three- 
ton unit—enough to heat and cool an 
1,800-square-foot home in a temper- 
ate climate—the Mac-Pac has an 
SEER of 10 and a HSPF of 7. Hydro- 
Tech has a SEER of 14 and a HSPF 
of 9. There are no standard methods 
for crediting the efficient water heat- 
ing that these machines deliver, but 
that considered, the effective efficiency 
would be considerably higher. 

Plainly the numbers are better for 
the HydroTech. But that may not tell 
the whole story. A Mac- Pac (without 
built-in water tank) costs about 20 
percent more than a conventional heat 
pump. Artesian says it will pay back 
in energy savings in two years. Hydro- 
Tech costs about 50 percent more than 
other heat pumps—and Carrier claims 
a five-year payback. Throughout its 
life, however, the HydroTech would 
continue to function more efficiently 
than the Mac- Pac. 

In any case, water heating offers 
much potential for energy savings. 
With better insulation and building 
techniques, Hale says, water heating 
could displace space heating and cool- 
ing as the top home energy user: “So 
Ithink this is the beginning of a se- 
ries of integrated products." [^ Bl 
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1 DISAPPEARING DOOR 


How can a confirmed couch potato bask 
in the glow of an open fire without get- 
ting up to open the fireplace door? The 
same way he operates his TV: He 
pushes a button on a remote control, 
and the Gentry fireplace’s door glides 
up a track and out of sight. The mo- 
torized Pyroceram glass PowerDoor 
costs $633. More than 32 inches wide, 
it’s the largest piece of glass made for 
fireplaces, claims Fondis Corp. (Box 
6444, Edison, N.J. 08818). 


2 PELLET BURNER 


The antidote to autumn's chilly weath- 
er may be a cozy evening by the hearth, 
but an inefficient fireplace sends the 
heat up the chimney. Pyro Industries 
has one solution: an insert with the 
aura of a traditional fireplace and the 
efficiency of a pellet-fueled stove. 

The Whitfield Advantage II is de- 
signed to slip into existing fireplaces, 
but can also be installed in any out- 
side wall with minimal masonry work. 
Says Eben Hedman, customer service 
manager for Pyro, “Two feet of hori- 
zontal vent is all you need.” 

The stove burns biomass pellets, 
inch-long capsules made of compressed 
wood or other kinds of cellulose. Be- 
cause of their low moisture content 
—three to eight percent—they burn 
intensely. “A ton of pellets requires 
sixty-four cubic feet of storage space,” 
says Hedman. “That’s half the size of 
a cord of firewood, but it produces one 
and a half times the heat output.” This 
efficiency means less fuel is converted 
to ash; the stove produces only 1.3 
grams of particulates per hour, well be- 
low federal standards. 

Whitfield inserts and free-standing 
stoves are available from dealers na- 
tionwide.—Judith Anne Yeaple 


HOUSE 
WARMERS 


A remote-controlled fireplace door, a furnace that burns coal 
slurry, and an easy-to-install foam tank that not only stores 
hot water but also warms air. These are among the hot 
new products that will keep you warm this winter. 
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3 THREE-VIEW HEARTH 


You can watch the flames from three 
sides of this Swiss fireplace. But be- 
cause the Rüegg Prisma is wrapped in 
an angled one-piece thermal glass 
pane, its good looks manage to make 
good sense. “You get both the beauty 
of an open-hearth fireplace and the 
heat output of a wood stove," says 
Rüegg vice president Linda Alber. 
The Prisma not only looks like an 
open hearth, but it also converts to one. 
The entire piece of glass slides up be- 
hind the fireplace's facing, says Alber. 
"A locking mechanism also allows the 
whole piece to swing open from the left 
side," she says. Easy access and a 
built-in ash bucket mean easy cleanup. 
With its door closed, the $3,500 
Prisma produces up to 55,000 Btu per 
hour. It heats a mixture of indoor and 
outdoor air, which helps prevent rooms 
from becoming too hot and dry. A five- 
speed blower circulates the fresh air 
around the room. Rüegg Fireplaces, 
976 Route 22 E., Bridgewater, N.J. 
08807.— Marcelle M. Soviero 


4 РМ OK, YOU'RE OK 


Tap a key to let this "sensitive" remote 
control know how you feel at the mo- 
ment: “too cool,” “okay,” or “too warm.” 
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When the room reaches the desired 
temperature, the “I feel control” mem- 
orizes the setting and recalls it when- 
ever you use the system again. The con- 
troller works with a Mitsubishi Elec- 
tric air conditioner and several of the 
company’s heat pumps. 


5 COAL COMEBACK 


Just when you thought residential coal 
furnaces had become museum pieces, 
new technology may bring them back. 
Tecogen, Inc., of Waltham, Mass., has 
designed a coal furnace that offers the 
convenience of an oil furnace but 
doesn't rely on petroleum-based fuel. 

Rather than burning lumps of solid 
coal, Tecogen’s prototype uses a coal 
slurry, consisting of finely crushed coal 
combined with water and additives. 
Frederick Becker, director of energy 
technology at Tecogen, says that the 
slurry-making process “removes a lot 
of ash and sulfur, making the coal a 
higher-quality fuel.” 

The slurry is as convenient to store 
as oil but doesn’t burn as easily. “The 
problem is that you have to evaporate 
the water first, then raise the temper- 
ature of the coal,” says Becker. “We 
needed a device to keep the fuel in the 
combustor until it can burn.” 

The solution: Tecogen engineers 
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invented the Inertial Reactor with In- 
ternal Separation (IRIS), It blows air 
into the combustion chamber, creating 
a swirling vortex. Coal particles are 
trapped in this miniature cyclone un- 
til they burn completely. “The IRIS pro- 
vides high efficiency in a small vol- 
ume,” Becker explains. 

The four-foot furnace is cleaner than 
its hulking predecessors. A two-step 
filtering system catches ash so well 
that “the emissions are almost com- 
pletely particulate-free,” claims Becker. 

Tecogen has not announced when 
the furnaces may be commercially 
available.—J. A. Y. 


6 cooL-AIR HUMIDIFIER 


Ordinary furnace humidifiers depend 
on blasting heat and circulating air of 
at least 140 degrees F to evaporate 
water. But today’s efficient furnaces 
and heat pumps often run at tempera- 
tures too low for that to work. So Nu- 
Air Corp. has produced a humidifier 
that atomizes the water first. The drop- 
lets can then be evaporated easily, even 
by 80-degree-F air. 

The Nu-Klean humidifier is mounted 
in the ductwork as close to the furnace 
as possible. An atomizing nozzle sprays 
the water at 40 psi onto a boxlike pad 
that holds the droplets for evaporation. 
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Made of natural materials, the pad also 
traps minerals like calcium and iron 
that would otherwise end up as white 
dust. Unevaporated water falls to the 
bottom of the unit and drains away. 

A homeowner can install the humid- 
ifier in one to two hours, according to 
the company. The 24-volt model with 
humidistat costs $147. Nu-Air Corp., 
Box 1145, Bloomington, Ill. 61702.— 
Nancy Negovetich 


"7 TANK UP ON HOT AIR 


Access Technology’s lightweight, flex- 
ible tank was originally intended to 
store water heated by a solar collec- 
tor. And it’s currently being sold with 
the Copper Cricket [ “Solar Heat With 
Perks,” July]. But since the demise of 
solar tax credits, the Softank's design- 
ers have been using it to store water 
heated by other sources, particularly 
off-peak electricity. Now they've found 
an additional use for the tank: as a 
water-to-air heat exchanger. 

The tank has three components: a 
plastic liner, an insulating shell made 
of polyethylene foam, and a plastic ten- 
sile sleeve. It comes preassembled and 
folded into a box. “You can throw it in 
through a basement window,” says Tom 
Gocze, president of Access. 

To adapt the tank for heating air, 
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Gocze and his colleagues poked holes 
in the foam cover and attached a fan. 
It blows air across a membrane, made 
of the same plastic as the liner, that 
floats on top of the water. “The plastic 
is cheaper than copper, but it’s so thin 
that it conducts heat readily,” says 
Gocze. So the water, which is hottest 
at the top of the tank, releases heat to 
the turbulent air passing over it. The 
system is being tested at the Univer- 
sity of Maine in Orono and will be on 
the market by the end of the year, says 
Gocze. Access Technology Corp., 360 
Center St., Bangor, Maine 04401. 
—Dawn Stover 


8 TWO-IN-ONE HEATER 


Making a water heater do two jobs 
—heating both water and air—isn't a 
new idea. But until recently, integrated 
water/space heaters have been large, 
expensive units that had to be installed 
within a few feet of an exterior wall. 
The Mor-Flo Integra doesn't have these 
drawbacks. 

The heater uses outdoor air for com- 
bustion, pulling it in through a two- 
inch-diameter PVC pipe. Exhaust 
gases are sent back out through the 
wall. "The gases never come in contact 
with indoor air," says Gary Bosma, vice 
president of sales at Mor-Flo Industries 


HOMEHEATING 


(18450 S. Miles Rd., Cleveland, Ohio 
44128). The sealed system means it’s 
safe to install the Integra up to 25 feet 
from an outside wall, 

The ignition system is another safety 
feature. The Integra doesn't use a pi- 
lot light. Instead, electricity heats a 
tungsten carbide loop to ignite the gas. 
“If the flame is lost, the system shuts 
offthe gas," says Bosma. The Integra's 
$1,800 cost and vertical configuration 
make it attractive for apartments as 
well as houses.—Janet Donnelly 


9 AIR CARE 


Mounted on the wall beside a thermo- 
stat, this indicator monitors a home's 
electronic air cleaner. The “on” light 
assures the homeowner that the clean- 
er is working properly. “Wash” means 
the collector cells are dirty. And 
“check” lights up when the air cleaner 
malfunctions. 

Made by Honeywell, the W8600E 
solid-state performance indicator can 
be ordered with the company’s F50E 
air cleaner. It’s intended to be installed 
in a new house at the same time as 
the matching thermostat. The device 
will help draw a potential buyer's at- 
tention to the indoor air cleaner's ca- 
pabilities, says Honeywell. The indi- 
cator costs $30 to $40 installed.—D. S. 
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BALLOON DAMPERS 


hances are most rooms 

of your house are empty 

at any given time, yet 

your heating and cool- 

ing system probably 

sends as much of its 
output to the empty rooms as to those 
that are occupied. 

That’s only one problem with stand- 
ard forced-air heating and cooling. In 
some houses there are others: An up- 
stairs may be perpetually overheated 
unless the downstairs is kept uncom- 
fortably cool. A south-facing 
room may be too hot every 
sunny afternoon. Or the 
kitchen may be oppressive 
whenever someone’s cooking. 

The answer to all these 
problems is to divide the 
house into zones that you can 
heat and cool separately. With 
hydronic (hot-water) heat dis- 
tribution, zoning is a common 
practice. 

Now, with a new system 
developed by Enerzone Sys- 
tems Corp. of Dallas, it may 
become more common with 
forced-air distribution too. 
The system, called Airzone, 
uses inflatable dampers in 
the ducts. When a zone’s 
thermostat calls for heat (or 
cooling in summer), the Flex- 
Dampers are deflated, allow- 
ing the air to flow through 
freely. Meanwhile, dampers 
in ducts to zones that need no condi- 
tioned air are inflated by an air 
pump, puffing up to block airflow. So- 
lenoid valves and a control panel run 
the show. 

The Airzone system can be used 
with a heat pump as well as with 
gas, oil, and electric furnaces, and 
with air conditioners. I installed one 
in my house and have found it to be 
the best answer yet to maximizing 
both efficiency and comfort. The Air- 
zone equipment is relatively inex- 
pensive, and installation is simple 
enough that most homeowners can 
do it themselves. 

While zoning a hydronic heating 
system is easily done with valves, to 
zone a forced-air system you have to 
install motorized dampers. They work, 
but they're expensive, and installing 
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These clever devices give you 
a new way to zone a forced- 
air heating or cooling system. 
They're cheaper than motor- 
ized dampers, equally auto- 
matic, and easier to install. 
Balloons in your ducts can 
mean substantial savings— 
but their big benefit is a more 
comfortable home. 


By EVAN POWELL 


PHOTOS BY JOHN B. CARNETT 


Rubberlike dampers seal ducts as they 
fill with air—via a pump, fortunately. 


them is tedious: You cut out a section 
of metal duct at each branch run and 
insert a damper. In newer homes with 
flexible ducts, you have to install sec- 
tions of metal ducting to hold them. 

Before the Airzone system came 
along, I had installed manual damp- 
ers to divide my home into living and 
sleeping zones and maintained the lat- 
ter at cooler temperatures in winter. 
These dampers balance airflow, but 
do not open or close zones. 

They did save energy, but left a prob- 
lem: A room on the north side of the 
house that has glass on two sides was 
always too cold in winter and too 
warm in summer. Even adding a third 
supply duct didn't cure the problem 


— but the Airzone system did. The rea- 
son: By cutting airflow to areas that 
don't need it, there's now more avail- 
able for that room. In effect, I've in- 
creased the capacity of my furnace 
and air conditioner. In larger houses, 
zoning can mean that one heating or 
cooling system will suffice where two 
would be required without it. 


һе inventor of the FlexDamper, 

Jerry Tartaglino (now president 

of Enerzone), set out to solve his 
own problem. Then a regional 
manager for a company that 
installed energy-manage- 
ment systems in large com- 
mercial buildings, Tartaglino 
wanted a scaled-down version 
in his own house. "I lived 
alone and didn't want to heat 
and cool the whole place," he 
says. But when he analyzed 
his ducting and priced motor- 
ized dampers, the cost was 
prohibitive. 

He's not sure how the idea 
of inflatable dampers came 
to him, but he started exper- 
imenting. “I stuffed kids’ 
punching bags into the 
ducts, and rigged a compres- 
sor from a little tire infla- 
tor," he recalls. 

When this inventor talks 
about losing sleep over his 
ideas, he means it. "Several 
times I was awakened by ex- 
plosions,” he relates. “You can't imag- 
ine how well noise carries through 
ducts until you have a big boom in 
the middle of the night." Those punch- 
ing bags burst after a few inflation- 
deflation cycles. 

Nevertheless, Tartaglino applied 
for and got a patent on the inflatable- 
damper concept, and eventually got 
two $45,000 development grants from 
the Department of Energy. 

One of the biggest barriers to com- 
mercialization was UL approval, Tar- 
taglino reports. Eventually, he inter- 
ested Du Pont in his concept, and 
that company developed a synthetic 
elastomer material that could under- 
go indefinite inflation cycles (no more 
midnight booms) and would not con- 
tribute toxic gases in case of fire. The 
now-UL-approved material, which Du 


Pont calls Hytrel, has survived a mil- 
lion cycles in lab tests. 

The FlexDampers themselves have 
been successfully tested through hun- 
dreds of thousands of cycles. Unlike a 
balloon, they do not stretch when in- 
flated. The air fills the space between 
inner and outer membranes. 

With the Airzone system, you can 
separately heat and cool anywhere 
from two zones on up. Enerzone sells 
two- and three-zone systems off the 
shelf (which you can combine to serve 
four or five zones). For larger in- 
stallations, the company custom- 
makes a single panel containing the 
necessary solenoid valves. 

The Airzone air pump is electri- 
cally connected to the heating and 
cooling system and turns on any time 
it does (in response to a thermostat, 
as usual). The pump has a suction port 
and a pressure port, both of which are 
attached to the solenoid valves. The 
valves can send pressure 
through the air lines to in- 
flate the dampers, or suction 
to deflate them. “Since the 
pump stays energized, if 
there’s a leak in a damper 
it is transparent to the sys- 
tem,” Tartaglino points out. 
Enough air is pumped to 
keep even a leaky damper 
inflated. A pressure-relief 
and a vacuum-relief valve 
in the solenoid panel bleed 
off excess air. 


oning a forced-air sys- 

tem can cause a couple 

of problems— both solv- 
able. It may increase the 
noise at registers. "When 
you shut off half the duct- 
work, you're moving basi- 
cally the same amount of 
air through a smaller vol- 
ume so you may get in- 
creased noise," Tartaglino points out. 
The solution? Install a bypass—a duct 
with a barometric damper to connect 
the supply and return plenums di- 
rectly. Then excess air can be routed 
there. 

A bypass duct can also solve anoth- 
er potential problem: too little air- 
flow over a furnace's heat exchanger 
or an air conditioner's evaporator 
coil. “With a two- or three-zone sys- 
tem we've never found it to be neces- 
sary,” Tartaglino states, “but with 
more it could be.” If you do not use 
the triangular sealing inserts in the 
center of the dampers, the slight 
bleed-through should eliminate the 
need for a bypass in most systems. 

If your system includes a heat 
pump or air conditioner, a wise pre- 
caution is to install an evaporator- 


ELECTRONIC 
CONTROL PANEL 


Deflated, a FlexDamper lies flat around 
the inside periphery of the duct (top 
photo). When it inflates (second photo), 
it seals the duct. For complete sealing, 
a triangular foam insert fills the center. 

A typical Airzone installation (dia- 
gram) consists of two or more thermo- 
stats (regular or programmable—one 
for each zone), the control panel con- 
taining all the electric or electronic 
circuitry (electronic controls are used 
with heat pumps or more complex in- 
stallations), and the panel that holds 
the solenoid valves (one for each zone), 
with the air-pump box beside it. Plas- 
tic tubing connects air pump to sole- 
noids and solenoids to FlexDampers. 
Wiring from thermostats to the control 
panelis 24VAC. FlexDampers come in 
round and rectangular shapes to fit 5- 
to 14-inch ducts. Custom sizes are also 
available. 


coil temperature-limit switch. This 
optional device keeps the evaporator 
coil from freezing: It opens all damp- 
ers and turns off the compressor any 
time the coil temperature drops too 
low. 


cramped, dusty job, but compared 

with installing conventional damp- 
ers, it's a breeze. I installed two large 
FlexDampers by cutting an access hole 
in my furnace's supply plenum and 
inserting the sleeves into the ducts 
from there. I used, and strongly recom- 
mend, the optional plenum access door 
Enerzone sells. With it, you cut a hole 
in the plenum to match the size of 
the door frame (it comes in several 
sizes), then install the door. Once that's 
done you can easily get into the sup- 
ply plenum without worrying about 
raw metal edges. 

I got by with two FlexDampers be- 
cause my ducting starts as 
trunk lines (large ducts 
from which smaller ducts 
branch). And I did not zone 
my entire house. If install- 
ing the dampers from the 
plenum won't do the job, you 
can install them from the 
outlet end of the duct by 
removing the register. In- 
deed, you can install a Flex- 
Damper anywhere along a 
duct. 

Once the FlexDampers 
are in place, you run tub- 
ing from them to the sole- 
noid valves, one line for 
each zone. Then you con- 
nect the thermostat wiring 
to the control panel. 

I've had my present con- 
densing oil furnace only 
two years, so I don't have a 
ong record of energy use, 

but we did use less oil last 
winter than the year before: Corrected 
for weather variations, it comes to 1.04 
gallons per degree day this year com- 
pared with 1.19 gallons per degree day 
last year (though I can't be sure the 
difference was all due to the dampers). 

The biggest benefit has been com- 
fort: Last winter we could go into our 
north-facing room, turn up the ther- 
mostat, and within a few minutes the 
room would be toasty warm. And we 
didn't have to overheat the rest.of the 
house. This summer, the air condi- 
tioner cooled the room just as quickly. 

Equipment for a typical Airzone sys- 
tem (eight dampers) costs around 
$600. With professional installation 
you should expect to pay $1,000 to 
$2,000, according to Tartaglino. Ener- 
zone Systems Corp., 2660 Freewood, 
Dallas, Texas 75220. us 
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Electronic dogs bark at stealthy movements. Synthe- 
sized voices shout commands and warnings. Hidden 
transmitters exchange digitally coded messages at var- 
ious frequencies to avoid detection and blockage. Watch 
out, burglars. New technology is now on guard. 


By WILLIAM J. HAWKINS 


SCOTT POLLACK 
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et within sixty feet of it, and it barks its 
66 head off,” says Jack Krisel, engineering 

manager at Heath Co. “But you don't 

have to walk this dog, take it to the vet, 

or feed it.” I'm holding it in my hands. 
It’s not alive, definitely not cute, and, at the moment, not 
ferocious. “You might say it's a new breed,” says Krisel, 
laughing. It’s a new breed of all-electronic burglar alarms 
that use technology to protect your home. 

According to the FBI, your chances of being robbed are 
a staggering one in four over the next 10 years. Lock the 
doors? Bar the windows? You could, but more than 60 per- 
cent of the burglars go through locked entries, and a skilled 
thief checks out more than 1,000 dwellings a week. But 
all is not lost. 

Now microprocessors, voice synthesizers, digital encryp- 
tion, radio communications, and self-testing schemes are 
on guard. They are part of elaborate high-tech securi- 
ty systems that not only check for 
thieves, but check themselves for ac- 
curacy too. The new technology has 
made wired and wireless systems in- 
credibly more reliable, and has even 
created entirely new all-in-one alarm 
systems...like Heath’s barking dog. 


Hounding thieves 


“We wanted a simple-to-install sys- 
tem,” says Heath’s Krisel, “but we 
wanted something that would be a 
real deterrent.” To do both, Heath de- 
signed its Barking Dog alarm. 

To spot an intruder, the alarm uses 
an infrared detector. Like other infra- 
red devices, it uses a lens to break its 
viewing area into small segments 
called zones. The source of heat must 
move from one zone to the next before 
it sounds an alert. “That keeps it from 
going off if your home heating system 
comes on,” says Krisel. But because 
the Heath alarm might be used out- 
doors, its logic circuit is fussier than 
usual. “It carefully checks the amount 
of time it takes the source of heat to 
move across the zones,” says Krisel. 
“That prevents false alarms caused by 
falling leaves or small slow-moving an- 
imals.” And the bark? 

“We knew dogs were a strong de- 
terrent to thieves,” says Krisel. “So we 
recorded a bark.” To put the bark in 
the security system, the recording was 
digitally synthesized—each sound con- 
verted into a digital number—and 
stored in a memory chip. When the 
alarm detects an intruder, the digital 
woofs are reassembled into sounds and 
played through the unit’s speaker. 
“Choosing the right bark was the hard 
part,” says Krisel. “We listened to all 
kinds of breeds.” What did Heath choose? “It’s a mutt from 
the local pound.” 

While the Heath system is clever, it’s limited to checking 
only one area. To establish whole-house protection there 
are systems, and technology has made major changes in 
these too. 

“Security on.” 

The voice I hear is clear, distinct, and coming from a 
book-size console on my desk. “We use digital synthesis 


“The 


can make a 


digital dog 
пом, maybe 
we can take a 
real bite out 

of crime in 
the future" 


too," says Tom Burgmann, manager of research, develop- 
ment, and engineering for Dicon Systems, Ltd. “But we 
use it to store a human voice that guides you through 
installation and operation." 

The Dicon 9000 is a wireless home security system. Like 
others from companies such as AT&T, Black & Decker, 
Heath, Honeywell, Schlage, Tandy, and Universal Secu- 
rity Instruments, it uses remote battery-powered modules 
attached to sensors for protection. When a sensor on a 
door or a window detects an entry, the module transmits 
an alert to the receiver console. 

The idea is terrific: A module and sensor can be easily 
added anywhere because there are no wires to connect 
them to the console, a feature that makes it easy for home- 
owners to install themselves. However, earlier designs have 
had two major drawbacks: “Electrical noise could cause a 
false alarm or block a transmission, so a true alarm is 
missed," says Burgmann. "And you had to remember to 
< check the sensor batteries routinely.” 
TH Now both reliability troubles seem to 
be solved. 

“To prevent interference problems, 
our system uses FM transmission,” 
explains Burgmann. “Earlier mod- 
ules used AM.” Like an AM table ra- 
dio, earlier systems were susceptible 
to electrical noise created by house- 
hold motors, passing cars, or even 
thunderstorms. “FM transmission is 
inherently quieter,” says Burg- 
mann. “The receiver locks on to the 
signal.” 

And if the battery gets weak? Ev- 
ery hour, each sensor module sends 
what the engineers call supervision 
signals to the central console. “If the 
status of the module is bad [for in- 
stance, a low battery] or if a module 
doesn’t check in at all,” says Burg- 
mann, “the console knows something 
is wrong, and it tells you about it.” 

“Trouble on module three,” comes 
the voice from the box in front of me. 

"That's one of its stored messages,” 
says Burgmann. 


Panic buttons 


A microprocessor determines the 
type of emergency, depending on which 
module sends the alarm. "Fire, bur- 
glary, and medical panic buttons send 
different digital codes to the system," 
says Burgmann. And once you enter 
your list of emergency phone numbers, 
the smart microprocessor knows who 
to call on the phone. “In a fire, it 
might call the fire department first, 
the police, and then a neighbor," says 
Burgmann. "The order and numbers 
could change if the system detects a 
break-in.” When a call is made, the 
synthetic voice describes the type of emergency, using one 
of its other stored messages. 

Traditional burglar alarms check the electrical conti- 
nuity of sensors such as magnetic reed switches or plunger 
switches that are connected via wire. If a switch opens 
— because a thief opens a window—an alarm sounds. “But 
you never knew which sensor tripped the alarm," says Ron 
Goldman, control product manager at Ademco. "It could 
Continued on page 102] 
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Radon 
таррег 


A team of Harvard scientists found that the combination of 
a fan and a positive-ion generator could dramatically re- 
duce concentrations of cancer-causing radon decay products. 
Now there’s a machine based on their research. If your house 
has too much radon, this is one way you may be able to 
reduce your risk—without tearing up your basement. 


By DR. DADE W. MOELLER 


Dr. Dade W. Moeller is Professor of 
Engineering in Environmental Health 
at the Harvard School of Public 
Health in Boston, where he is also 
Associate Dean of Continuing Educa- 
tion. Prior to joining the Harvard 
faculty, Moeller worked for 18 years 
as an environmental engineer in the 
US. Public Health Service. He is a 
member of the National Council on 
Radiation Protection and Measure 
ment, an advisory group chartered by 
the federal government, and he chaired 
an NCRPM committee that has just 
completed a four-year study of radon 
control methods inside houses. The 
committee’s report was published in 
September. 


78 | POPULARSCIENCE OCTOBER 1989 


t weighs 19 pounds, stands a foot 
high, and measures 16 inches in 
diameter. To install it all you do 
is plug it in. Yet this unassum- 
ing machine is a potent new wea- 
pon in the war against radon. 

Called the No-Rad, it grew out of 
research done at the Harvard School 
of Public Health by Dr. Edward Maher, 
Dr. Stephen Rudnick, and myself. In- 
terestingly, it does not reduce the con- 
centration of radon. But it greatly re- 
duces the health hazard posed by ra- 
don. Indeed, we found that simply 
using a fan to circulate the air in a 
house can help do that. 

The EPA attributes 5,000 to 20,000 
lung-cancer deaths each year to ra- 
don, a radioactive gas that is produced 
through the successive decay of ura- 
nium. But it is not the radon itself 
that harms the lungs. Though you 
may inhale the gas, it is inert and does 
not interact with body tissues. And its 
half-life is 3.8 days, so chances are 
you'll exhale it before it decays. 

When the radon decays, however, 
solid radioactive particles are formed 
—polonium, bismuth, and lead—and 
these have half-lives ranging from just 
a few seconds to 30 minutes. Because 
they are solids, they tend to lodge in 
the lungs, and because they have short 
half-lives, they tend to decay there. At 
least 95 percent of the radiation dose 
to the lungs attributable to radon 
comes from these solids. 

Most methods for dealing with ra- 


don in houses are aimed at diluting 
its concentration, or preventing its 
entry in the first place. In houses with 
serious radon problems, radon-miti- 
gation contractors may jackhammer 
the basement floor to install pipes 
below [*Radon Revisited,” Sept. '87]. 
These are run to the outside and a 
fan is installed on the outlet to de- 
pressurize the area beneath the base- 
ment constantly. It's a messy—and 
often costly—project. 


Clearing the air 


Ed Maher, a US. Air Force lieuten- 
ant colonel who now directs a world- 
wide radon testing program for the Air 
Force, came to the Harvard School of 
Public Health for doctoral studies in 
1982. Knowing that the health hazard 
of radon is really from the solid decay 
products, Maher became intrigued 
with the notion of using air treatment 
to reduce the risk. Steve Rudnick, an 
aerosol physicist, and I were his fac- 
ulty advisers. 

We first tried the obvious: filtration 
(passing the radon-contaminated air 
through a highly efficient filter) and 
electrostatic precipitation (a process in 
which the air passes between two 
highly charged plates). 

We tested the devices in a 2,750-cu- 
bic-foot chamber (about the size of 
three rooms in a house) into which we 
can pipe radon, which we get from a 
chunk of radium. A fan blows air over 
the radium, and the air is distributed 
through perforated PVC pipes along 
the floor of the chamber. That mimics 
its diffusion into the basement of a 
house. Sensitive instruments measure 
the concentrations of radon and its de- 
cay products. 

As expected, both the filter and the 
electrostatic precipitator removed a 
high percentage of the airborne radon 
decay products. But when we analyzed 
the data we found a major surprise: 
The air-cleaning devices could actually 
increase the radiation dose to people 
breathing the treated air. 

We traced this paradox to—of all 
things—too little dust in the air. Here's 
why: When radon decays, it emits an 
alpha particle, which fires through the 
electron cloud of the radon atom, car- 
rying electrons with it. That leaves the 
residual atom—the decay product 
—highly positively charged. Thus it 
immediately tends to attach to dust in 
the air. 

When you use an effective filter or 
electrostatic precipitator, not only do 
you remove many of the radon decay 
products, you also remove most of the 
dust. But the radon gas is still present 
and still producing decay products 
—which have far fewer dust particles 
to which to attach. 


The No-Rad fan/ion generator emits 
positive ions, which repel the positively 
charged radon decay products, push- 
ing them toward room surfaces where 
they adhere. The fan enhances the pro- 
cess. No-Rad’s filter removes dust, 
smoke, bacteria, and pollen from the 
air, and reduces the amount of dirt that 
the ionizers would otherwise cause to 
be deposited on surfaces. To ensure a 
balance of ions in the air, the No-Rad 
also has a negative-ion generator. 


And that’s the problem: Atom for 
atom, an unattached radon decay prod- 
uct produces 3 to 40 times the radia- 
tion dose to the lungs as does an iden- 
tical atom attached to dust. The unat- 
tached particles are chemically far 
more reactive. Also, a partial coating 
of dust keeps the attached particles 
from intimate contact with lung tissue. 

Our data showed that the net result 
of air-cleaning devices can lead to as 
much as a doubling of the radiation 
dose to the lungs. It was a startling 
finding. 


Charging ahead 


Next we considered ways to capital- 
ize on the charge carried by the radon 
decay products. If they could be brought 
into contact with room surfaces, we hy- 
pothesized, they might stick because 
of their charge. The radiation these 
particles emit has low penetrating 
power, so unless they decay in your 
lungs, they pose little hazard. 

First we put an ordinary box fan in 
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our test chamber and turned on the 
radon machine. Instruments showed 
that the fan removed 50 to 60 percent 
ofthe decay products from the air. More 
important, when we analyzed the data, 
we found that the fan removed both 
attached and unattached radon decay 
products and reduced the dose to the 
lungs by an amount comparable to the 
reduction in the airborne concentra- 
tion of the decay products. 

Buoyed by this success, we tried en- 
hancing the charge with negative- and 
positive-ion generators. These ionize 
the oxygen and nitrogen atoms in the 
air. We reasoned that the charged air 
would repel the charged decay prod- 
ucts and expedite their movement to- 
ward room surfaces. 

We tested specially prepared ion gen- 
erators in the laboratory chamber and 
found both to be effective, but not 
equally so. The negative-ion genera- 
tor removed 65 to 70 percent of the ra- 
don decay products; the positive-ion 
generator removed 80 to 85 percent. 
The reason, we suppose, is that the 
negative-ion generator has to over- 
whelm the positive charge on the de- 
cay products before it can have the de- 
sired effect. 

Finally, we tested combined ap- 
proaches and came up with a winner: 
a ceiling fan plus a positive-ion gener- 
ator. This combination removed 90 to 
95 percent of the radon decay products 
in our laboratory tests. Analysis 
showed it would reduce the radiation 
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dose to the lungs by 68 to 87 percent. 

Since our tests were published, sci- 
entists in Canada, Finland, Denmark, 
and the United Kingdom have con- 
firmed our results. 

In 1986, with the help of the univer- 
sity, we got a patent on the concept, 
and eventually licensed Ion Systems 
to develop a commercial product. The 
result is the No-Rad machine, a three- 
speed hassock fan that contains posi- 
tive-ion generators. (It also contains a 
negative-ion generator, but that was 
not our idea. Scott Gehlke, president 
of Ion Systems, insisted on including 
it because of the folklore that nega- 
tive ions make you happy and positive 
ions depress you.) 

We tested commercial models of the 
No-Rad in our laboratory and got dra- 
matic results (see graph). We also 
tested the machine in houses in Mas- 
sachusetts and Connecticut. There we 
got decay-product removals in the 
range of 75 to 90 percent. Tests by the 
EPA are pending. 

Now we're testing other configura- 
tions of these components, including 
two that would place everything be- 
tween the studs within a wall. Prelim- 
inary tests show these schemes to be 
effective. 


What to do 


If your house has high concentra- 
tions of radon, you should consult rec- 
ognized experts. But the vast major- 

Continued 
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ity of houses with radon problems have 
just a little too much—and need just a 
little correction. 

The EPA recommends that the ra- 
don concentrations in houses be kept 
below four picocuries of radon per li- 
ter of air. If you monitor your house 
and find that it has up to double that 
amount, then simple circulation of the 
air will probably provide adequate pro- 
tection. If you have ceiling fans, just 
turn them on slow speed and let them 
run. If you have a forced-air heating 
or cooling system, you can rig it so the 
air handler runs continuously instead 


RADON-DECAY-PRODUCT 
CONCENTRATION (IN WORKING LEVELS) 
2 E < < 


А No-Rad machine underwent seven 
days of testing in a 2,750-cubic-foot 
chamber at the Harvard School of Pub- 
lic Health. The machine was operated 
on alternate days, reducing the concen- 
tration of radon decay products dra- 
matically each time, as the chart shows. 
Measurements are in Working Levels 
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of cycling. Almost any fan will help. 

If your house has radon concentra- 
tions of 5 to 10 times the recommended 
maximum, additional control measures 
are necessary. We think the No-Rad 
machine is the simplest solution. Ion 
Systems claims that one machine will 
cover a 300-square-foot area. Our tests 
suggest that is conservative: It should 
serve a larger area if there is good 
airflow. The machine (list price $350) 
can be used independently or as sup- 
plement to other remedial measures. 
Ion Systems, Inc., 2546 10th St., 
Berkeley, Calif. 94710. йз 


BRENDA BOOTH 


(WL), a standard measure of radon de- 
cay products. The EPA’s recommenda- 
tion for maximum radon in houses is 
stated as a measure of the radon gas 
itself, in picocuries per liter of air 
(pCi/L). A radon-decay-product concen- 
tration of 0.02 WL is roughly equal to 
four pCi/L, the EPA’s “action level.” 


BRENDA BOOTH 


Houses with high radon levels have 
been found in all 50 states, but the un- 
derlying geology of an area is one clue 
as to where such houses are most likely 
to be located. This map indicates areas 
known to have high levels of uranium 
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or radium. When uranium undergoes 
radioactive decay, it becomes radium, 
which, in turn, decays to form radon 
gas. Geologic data can only suggest po- 
tential problems; the only way to know 
if a house has too much radon is to test. 


While lon Systems' No-Rad machine removes 
the radon decay products from the air, another 
new machine removes the radon gas itself. It's 
called the RAdsorb-222, and it uses charcoal 
to adsorb the gas. Like the No-Rad, it origi- 
nated in the Boston area. Indeed, Dr. Stephen 
Rudnick of the Harvard School of Public Health 
participated in the research for both. 

The prime mover behind the RAdsorb, how- 
ever, is Richard Abrams, a chemical engineer 
who formerly worked for a company that in- 
stalled charcoal filters to capture radioactive 
gases emitted from nuclear plants. When the 
radon scare hit the headlines a few years ago, 
Abrams got interested. “Radon is in the same 
family of gases as those | was dealing with,” 
he says. “Апа charcoal is known to be еНес- 
tive in adsorbing it as well." 

But to use charcoal to remove radon from 
buildings would require that it be purged fre- 
quentlyof its radon load. Earlierexperimenters 
had tried blowing heated air over charcoal to 
purge it of radon. That worked well, but wasted 
a lot of energy. 

Abrams' concept, patented in 1987, called 
for using outside air at ambient temperatures. 
He explains: “When it's cold, the radon atoms 
slow down and tend to stick to the carbon 
particles more readily. Thus to purge the char- 
coal bed with cold air you have to increase the 
flow rate." He came up with a control system 
that varies the airflow rate inversely with air 
temperature. 

He also came up with the idea of using two 
charcoal beds: A blower draws radon-laden air 
from the house into one bed of charcoal where 
it is stripped of its radon, then sent back into 
the house. Meanwhile, a second fan blows 
outside air through the charcoal in the other 
bed to pick up the radon, then channels that 
contaminated air back outside. In the produc- 
tion RAdsorb, the charcoal is in a cylinder 
divided into two parts. Every 15 minutes the 
cylinder rotates so that the side that has been 
in the house airstream is moved to the outside 
airstream. 

Abrams first made a one-quarter-scale model 
that was successfully tested at the University 
of Pittsburgh. Next he fabricated a full-size 
prototype and took it to a house in New Hamp- 
shire with a radon problem. For 14 hours prior 
totesting, a continuous radon monitor recorded 
readings of 11 picocuries of radon per liter of 
air. (The EPA's recommended maximum is 
four pCi/l.) Then Abrams turned on the RAdsorb 
machine. Within three hours the radon dropped 
to 2.4 pCi/l. 

Now, the EPA is testing a RAdsorb in a 
house in Nashville, Tenn., where radon read- 
ings from 6 to 66 рСІЛ have been measured. 
Preliminary results show the RAdsorb has 
dropped it to below one рСІЛ. 

The smaller the basement, the higher the 
radon concentration the RAdsorb can handle. 
In a typical basement, say 45 by 22 by 7⁄2 
feet, it should reduce radon concentrations 
from 20 pCi/l down to four pCi/l. 

The RAdsorb is 26 by 28 by 64 inches high 
and weighs 400 pounds. It must be installed 
byaradon-mitigation contractor. Installed, the 
RAdsorb averages $3,000. RAd Systems, Inc., 
21 E. Main St., Westboro, Mass. 01581.— 
V. E. Gilmore 


THE NEW 


SYMBOL FOR QUALITY 
IN AMERICA. 


Until now, Buick quality was known 
only to an elite group. 


Buick owners. 


According to one measure, J.D. Power and 
Associates, there's something Buick owners can 
be proud to know and something all new-car buy- 
ers should know. The fact that Buicks are among 
the most trouble free American cars* More trouble 
free than Lincoln and other prestige cars costing 
thousands more. 

The latest J.D. Power and Associates Initial Qual- 
ity Survey, which measures things gone wrong 


with new vehicles during the first 90 days of own- 
ership, marks an improvement in Buick quality for 
the third year in a row. 

Toour way of thinking, it all means that if you're 
looking for quality, you should just look down the 
Great Americar Road for the Buick tri-shield. The 
new symbol for quality. The sign of your Buick 
dealer. 

*J.D. Power and Associates 1989 Initial Quality Survey covering Novem- 


ber and December, 1988. Based upon owner-reported problems during 
the first 90 days of ownership. 
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le GM The Great American Road belongs to 


BUICK 


Quality Network 


Let's get it together...buckle up. 
©1989 GM Corp. All rights reserved. 


See your dealer for terms and 
conditions of the limited warranty. 
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4 
Fire, theft, injury. You сап ге- ۴ 
duce the hazards to yourself, 
your home, and your car with 
these clever new devices. 

ANTI-SHATTER FILM 4 


and grab" burglaries and prevent 

dangerous shards from windows 
broken by accident or storm. Impreg- 
nated with chemical and metal coat- 
ings, the clear polyester two- or four- 4 
mil film also screens out up to 99 
percent of fabric-fading ultraviolet 
rays, says the maker, Gila River Prod- 
ucts. The average price, installed on 
the inside of a window, is $4.50 per 
square foot.—M. D. 


LETS can discourage “smash 


hese four new alarms can alert 
i you to intruders. Left to right: 

Timtronics Technology's Wedge 
Alert warns you of attempted break- 
ins with an 85-decibel alarm while its 
sponge-rubber footing compresses to 
Stop the door. Cost: $30. The Watch- 
dog Doorknob Alarm by Travel Tech 
International can be adjusted for sen- 
sitivity and works when hung 
on the metal knob of a поп ЖЕТ 
metal door. Touch the outside Ў 
knob, and the $15 alarm growls 
an 85-decibel warning. Sliding 
doors can be guarded by the $24 
Knight Stick, also by Timtronics, 
which fits between door and wall. 
Aim Arkon Resources' PP700 Porta- 
Guard at your entry way, and the 
$50 device detects motion and shines 
a light, chimes, or sounds the alarm. 
Range: 15 feet.—Mariette DiChristina 


JOHN B. CARNETT 
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MARIO FERRO 


ACRYLIC LIGHTING 


ow-voltage lighting not only il- 

| luminates dark areas around 

your house for added security, 

it also lights walkways and steps to 
provide you with more safety. Lumi- 
ere's Tahoe line of 12-volt halogen 
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ESCAPE LADDER 


t 4% inches across, the alumi- 

num-alloy JOMY ladder looks 

like a drainpipe when closed. 
But with a quarter turn of the han- 
dle, it unfolds into a fire-escape route. 
A locking mechanism prevents unau- 
thorized ground use.—M. D. 


Ss 
lights has crowns tooled from solid 
rods of ultraviolet-stabilized acrylic. 
They can provide an interesting vis- 
ual effect and can shed light in a va- 
riety of directions and patterns.— 
Timothy O. Bakke 


FIBER-OPTIC FUN 


iberstars uses a fiber-optic cable 
and a 250-watt quartz halogen 
light source to light steps and 
walkways. The optical cable (inset) 
runs in a loop out of and back into 
the light-box source. Each box can 
handle two loops of 200 feet each. One 
box and a cable loop: $2,200.—T. O. B. 
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SNIFFERS 
arli-Gard Safety Products' Voc- 
E Alert smoke detector (top) blasts 
a 10-second 85-decibel alarm 
when it senses smoke—and then calm- 
ly tells you how to escape with phrases 
you've previously selected from its 
100-word vocabulary. Each $100 bat- 
tery-powered unit covers a 1,200- 
square-foot area. No need to climb a 
step stool or chair to test First Alert's 
smoke detector (bottom): Just point a 
flashlight upward, and the battery- 
powered alarm beeps if it's working. 
A sensitive cell responds to the flash- 
light, but not to daylight. The $15 de- 
tector also has manual test. Can't re- 
member to test your detector? With 
Jameson Home Products' Code One 
2000 Auto-Test, you don't have to. Af- 
ter you connect the battery, the $17 
alarm checks itself weekly and beeps 
six times if it's OK. Day and time can 
be changed by disconnecting and recon- 
necting the battery.—M. D. 


JOHN B. CARNETT 


Continued 
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DECKED-OUT LIGHTS 


ow-voltage (12-volt) outdoor 
Lis: from TerraDek (shown), 

or AdjustaPost, Intermatic, or 
Toro are made with wood trim to com- 
plement deck materials. The lights are 
designed to illuminate railings, steps, 
and other decking areas without hav- 
ing to use exposed wiring.—T. О. B. 


DRESSY LIGHTS 


ew outdoor 
lighting can 
help prevent ac- 


cidents—and j up 
your house. Toro’s 12- 
volt lighting (top) in- 
cludes floods with ad- 
justable beam widths to 
brighten up dark, shadowy areas around the house, as well 
as accent lights. A new 24-volt system from Geisha (above 
and right) uses tiny tube lights to brighten steps and other 
areas. While most 12-volt systems are limited to five or 
six lights and a run of 100 feet of cable per transformer, 
Geisha’s system uses 20 lights per transformer and can 
run 175 feet from the house. Price: about $250—T. О. B. 
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FIREMAN IN A CAN 


r 1 he ceiling-mounted Cease Fire 
dry sprinkler (top left) douses 

mes around potential hot 

spots like electrical boxes or storage 
areas. The $60 extinguisher protects 
100 square feet with a halon gas and 
nontoxic powder mixture in a gel, and 
requires no recharging in its 12-year 
life. You need no tools to install 
the Flame Eater automatic sprinkler 
(coiled around fire helmet): Just screw 
its hose into your water heater's drain 
spigot, turn the spigot on, and hang 
the sprinkler's spray head above the 
home and water heaters. For protec- 
tion against a clothes-dryer fire, you 
can also hook the sprinkler to your 
washing machine. It's $35. FireFox is 
a $250 automatic extinguisher that 
mounts under the range hood (above). 
A flame-detecting sensor triggers a 
chemical release to smother fire and 
prevent reignition. FireFox is good for 
12 years without recharging.—M. D. 


Now NRI trains you to be today’s 
expert security electronics technician 
as you install and troubleshoot state- 
of-the-art security systems in your 
own home and auto. 


Violent crime, theft, fire. . they're facts of 
life in the U.S. today. But now there's good 
news, too. All across the nation people are 
fighting back with high-tech electronic 
security systems. In fact, Americans will 
spend over 17 billion dollars on security 
services and equipment by the year 1991. 

For you, this new consumer demand for 
electronic security systems means even 
more good news. It means a breakthrough 
Opportunity to get in on the ground floor 
of a booming new industry. Now, no matter 
where you live, you can start a high-paying 
Career—even a business of your own—in- 
stalling, servicing, and maintaining residen- 
tial and commercial security systems. 

Best of all, NRI's ready now to give you 
the hands-on security electronics training 
you need to 
get started 
fast. 


{ Make good money in a 
challenging career as a 
electronics technician— 


security 


even start a profitable 
new business of your own 


Right away, you get the skills you need 
to install and service all security systems 
МЕГ» at-home Security Electronics training 
gives you solid electronics know-how, plus 
а complete working 
knowledge of popular 
security devices in 
use today. 

You learn how to 
install and service 
magnetic contacts 
and pressure mats. . . 
microwave, ultra- 
sonic, and passive in- 
frared detectors. . . 
personal identifica- 
tion systems and 
electronic listening 
devices. . .even cen- 
tral station alarm 
systems and today's 
most sophisticated 
fire warning equip- 


tecbnician. 


complete electronic alarm systems in your 
own home and auto, testing and trouble- 
shooting working alarm circuits. You actually 
safeguard your own property while gaining 


Installing bome security systems like tbis closed-circuit camera and 
monitor is just one way you can make money as a security electronics 


ment. But that's not all. 


Your hands-on training includes state-of- 
the-art CCTV equipment plus home and 
auto electronic alarm systems you keep 
NRI gives you hands-on experience with to- 
day’s newest, most popular security systems 
as you train with the professional closed- 
circuit television surveillance equipment 
and high-quality electronic home and auto 
alarm systems included in your course. 

Step by step, you learn by doing. . .eval- 
uating your own security needs, installing 


the expertise you need to move fast into an 
exciting career—even a business of your 
own—as today's expert security electronics 
technician. 

Send for your FREE catalog today 

For all the details about NRI's at-home 
Security Electronics training, send the cou- 
pon today. If the coupon is missing, write to 
NRI School of Electronics, McGraw-Hill Con- 
tinuing Education Center, 4401 Connecticut 
Avenue, Washington, DC 20008. 


Mire’ SCHOOL OF ELECTRONICS 


McGraw-Hill Continuing Education Center 

4401 Connecticut Avenue, Washington, DC 20008. 

E7 Check one catalog only 

C Security Electronics С Robotics 

C Computers ond C TWideolAudio Servicing 
Microprocessors C Basic Electronics 


CI Small Engine Repair 
C Automotive Servicing 
C bocksmithing 


C Air Conditioning, Heating, 
ond Refrigeration 
Û Electrician 


You train with and keep 
а closed-circuit television camera, mount, and 
9" monitor; state-of-the-art fire/intrusion 

alarm control panel with digital dialer; remote 
entry keypad; passive infrared motion detector; Name. Age. 
smoke detector; remote control auto alarm witb 


motion detector, ignition disable relay, and 
siren; NRI Discovery Lab? for circuit 
demonstrations; and band-beld multimeter 
with 3% digit readout. 


State. 1р. 
For career courses approved under GI Bill C] check for details. 
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RETROFIT SENSOR 


lhe Heath Zenith SL-5210 decor- 

ative-lighting control has a 60- 

foot sensor range and can be 
hooked up to your existing porch or 
other lights. To prevent triggering by 
animals or leaves, the $35 sensor takes 
a second “look” before turning on the 
light. The company makes another 
false-trigger-reducing sensor, which in- 
cludes lights, for $60.—M. D. 


MG PHONE HOME? 


wo new programmable vehicle- 
alarm systems don't just blare 
during an attempted break-in: 
The $259 Audiovox Cel 200 and $450 
Alpine 8316 Communicator cal] you 
from a compatible cellular phone. The 
Alpine also lets you phone your car 
for commands— such as to close the 
windows ог arm the system.—M. D. 


he $140 solar-powered Solar % 


Sentinel needs no wiring, so it 

can be used where other light- 
ing would be difficult to install, says 
Sunergy. When the passive infrared 
motion detector senses movement with- 
in 75 feet, the light shines for a pro- 
grammed amount of time.—M. D. 


LOOK MA, NO WIRES 


Һе Nalcor wireless alarm ($12) 

protects children from swallow- 

ing poisonous household chem- 
icals, or can be mounted on a window. 
If a cabinet or window is opened М 
inch, an 85-decibel horn blares. A $37 
door-mounted unit (right) is also avail- 
able.—M. D. 


11111111 


NO-INSTALL ALARM 


isibility discourages criminals, 
and that’s a benefit of CarCop, 
says maker Kansas Microtech. 
Just hang the $150 alarm on an open 
window, turn it on, and roll the win- 
dow up. The sensitivity-adjustable de- 
vice has a 105-decibel alarm.—M. D. 


MANUFACTURERS LIST 


Alpine Electronics, Box 2859, Torrance CA 90509; Arkon 
Resources, 11627 Clark St., Suite 101, Arcadia CA 91006; 
Audiovox Corp., 150 Marcus Blvd., Hauppauge NY 11788; 
Cease Fire Corp., 108 Willowbrook La., West Chester PA 
19382; Earli-Gard Safety Products, 11800 28th St. N., St. 
Petersburg FL 33716; Fiberstars, 47456 Fremont Blvd., Fre- 
mont CA 94538; FireFox Corp., 10761 N.W. 89th Ave., Hi- 
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aleah Gardens FL 33016; First Alert, 780 McClure Rd., 
Aurora IL 60504; Geisha Corp., 151 E. Sunset Rd., Hen- 
derson NV 89015; Gila River Products, 6615 W. Boston 
St., Changler AZ 85226-9498; Heath Zenith, Hilltop Rd., 
St. Joseph MI 49085; Intermatic Inc., Intermatic Plaza, 
Spring Grove IL 60081; Jameson Home Products, 2820 
Thatcher Rd., Downers Grove IL 60515; JOMY Safety Lad- 
der, Box 17578, Boulder CO 80308; Kansas Microtech, 
7300 W. 110th St., Overland Park KS 66210; Lumiere De- 


sign and Manufacturing, 31352 Via Colinas No. 103, 
Westlake Village CA 91362; Minnfac (TerraDek), 5155 E. 
River Rd., Minneapolis MN 55421; Nalcor, Inc., 104 Key- 
stone Dr., Sikeston MO 63801; NDC Flame Eater, 30 Colpitts 
Rd., Weston MA 02193; Sunergy Inc., Box 177, Princeton 
NJ 08542; Timtronics Technology, Box 9692, Canoga Park 
CA 91309; Toro Co., 8111 Lyndale Ave. S., Minneapolis 
MN 55420; Travel Tech International, 8000 Raintree Cir- 
cle, Culver City CA 90230 
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ADVERTISEMENT 


NEW LAB TEST REVEALS: SLICK 50 CAN CUT ENGINE WEAR IN HALF! 


Save Gas, Save Engine with "POLY" 


The following introduces one of the 
most fully tested and credentialed gas 
saving, friction reducing engine treatments 
ever to reach the market! 

WHAT IS POLY? “Poly” is short for 
polytetrafluoroethylene (TFE). It is the slip- 
periest substance known to man. The 1988 
Guinness Book of World Records (pg. 182) 
says: “The lowest coefficient of static and 
dynamic friction of any solid is 0.02, in the 
case of Polytetrafluoroethylene - equivalent 
to wet ice on ice. It was first manufactured in 
quantity by Е.І. duPont in 1943, апа is mar- 
keted as Teflon." 

The PetroLon Corporation, makers of Slick 
50, have invented a way to permanently bind 
“Poly” to your engine with one treatment. All 
you do is add one quart of Slick 50 to your oil. 
By reducing engine friction, Slick 50 increases 
gas mileage and horsepower and it reduces 
engine wear, defraying costly overhauls. 


Slick 50's credentials are impressive. 


Just this year the premiere engine and 
lubricanttesting lab in the U.S. tested Slick 
50. This EPA approved lab conducted a strictly 
controlled experiment using industry stan- 
dard ASTM procedures. They found that Slick 
50 can dramatically reduce engine wear by 
52% under average conditions and up to 
57% under maximum wear conditions. We 
know of no other Poly treatment on the market 
that has passed a wear reduction test con- 
ducted by an EPA approved lab using nation- 
ally accepted ASTM procedures. Watch out 
for those treatments that cannot back up their 
claims with such solid evidence. 

"Slick 50 does reduce engine heat and 
ordinary wear, and our informal tests indi- 
cate that it will improve gas mileage by 
about two or three miles per gallon...Slick 
50 does exactly what PetroLon claims it 
does." Consumers Digest. (March/April 1982, p. 35) 

Researchers at a nationally respected 
research laboratory, after applying a power- 
ful ultrasonic cleaning process to a Slick 50 
treated engine part, were surprised at its per- 
manence. They stated, "We acctually ex- 
pected the PetroLon Slick 50 "Poly" resin 
coating to also be removed, but later found it 
was still there." 

The Federal Aviation Administration has 
fully accepted a similar product - Slick 50 
Aircraft Treatment (F.A.R. 833.49). 

TUV, a German testing laboratory with 
credentials every bit as prestigious as our 
Underwriters Laboratories, tested Slick 50 in 
1986. They found substantial increases in 
both gas mileage and horsepower. 

Atest done at the San Diego State Univer- 
sity revealed that, “Slick 50 does increase 
horsepower and decreases fuel consumption 
in tests done at the university.” The Space 
Shuttle Columbia uses the chemical “Poly” 
inits gears and bearings because itis the only 
chemical lubricant which can withstand the 
heat and corrosive elements of space. 

Perhaps the most dramatic of all is a 
torture test overseen by the Automotive 
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Services Council for Pennsylvania. This 
test was shown on television station WTVE. 
Three cars with between 75,000 and 129,000 
miles on them, were treated with Slick 50. Six 
months later the oil was drained from each 
vehicle and the cars were driven without the 
oil plugs for about half an hour. The water tem- 
perature never rose and the engines sus- 
tained no apparent damage. 

How do you give an engine a “Poly” 
treatment? Very simply! Change oil and filter 
and substitute one quart of Slick 50 for the last 
quart of oil. (Add two quarts for engines with 
oil capacities of seven quarts or more.) 

Slick 50 gives a permanent coating so you 
need to treat your engine only once, and not 
each time you change your oil. Slick 50 is also 
excellent for turbocharged engines, alumi- 
num block engines and rotary engines. 

Slick 50 will work with all petroleum 
based oils and synthetics compatible with 
petroleum based oils. 

What аге the benefits of Slick 50? Since 

there are many factors that influence an en- 
gine including the type of driving, tempera- 
ture, engine condition, oil change intervals, 
etc., the actual benefits in percentages will 
vary. However, by reducing friction, Slick 50 
does all of the following: Slick 50 increases 
gas mileage. Slick 50 increases ho! 
- small economy cars and large RV's really 
needthis! Slick 50 makes for easier starting 
(important in cold weather.) Slick 50 reduces 
operating temperatures, thus increasing the 
lubrication of your oil and the life of your 
engine. Since lubricating lead is being re- 
moved from gas, and unleaded gas is poor in 
lubricating qualities, this extra lubrication of 
Slick 50 on valve systems and guides is a 
real bonus. 


Last, but not least, the drastic reduction 
in engine wear can delay costly overhauls. 
These can often cost well over $1,000. Slick 
50 eliminates the "lubrication starvation" that 
all cars experience when you first start them, 
before the oil has a chance to circulate. Up to 
90% of engine wear can be caused by this 
starvation. You receive all these benefits for 
less than the cost of two tanks of gas ($39.95). 

Will Slick 50 harm my engine or affect 
my warranty? No! The base oil for Slick 50 
meets, or exceeds, every manufacturer's 
engine warranty requirements and carries an 
API service classification SG-CD. 

More Slick 50 products are available. 
These include Automatic and Manual Trans- 
mission treatments, Power Boost, Marine En- 
gine Treatment, Motor Cycle and Small En- 
gine Treatment, 2 Cycle Engine Treatment, 
Gas and Diesel Fuel Treatment and Grease. 
Free information sent on request. 


DOUBLE GUARANTEE! 
Guaranteed lowest price and guaran- 
teed satisfaction. If at the time of pur- 
chase you have seen Slick 50 adver- 
| tised in a current magazine at a lower | 
price, we will beat that price by $2.00 a V 
quart and you will still get your free ( 
DURALT FC. If you are not satisfied V) 
with our Slick 50, within 4 months, send ff 
us a note and proof of purchase for a (| 
full refund of purchase price. This makes M 
trying Slick 50 RISK FREE to you. We |) 
have been in business for 10 years and 
intend to keep our customers happy. |) 


Free DURALT FC sent with each order. 
Free shipping with orders of 2 or more. 


DEALERSHIPS AVAILABLE 


Easy Toll-Free number. 

To order your own Slick 50 friction reducer 
and free DURALT FC, call toll free 1-800- 
227-5425. Or send to 


US AUTOTECH 


"INNOVATIONS & TECHNOLOGY 
FOR PERFORMANCE MOTORING 


407 Del Rio Road, Berthoud, CO 80513. 


Cl enclose $39.95 + $4 shipping for one qt. 

О Send me ats. of Slick 50 @ 539.95 ea 
FREE shipping (2 or more) 

(check Осор. OVISAMC/DISCOVER 


Card | Exp. 


Name. 


Address. 


(Gs Sree Adaress for U P S. Dalry) 


City а 


State Zip 


PS10 
Teflon is a reg. trademark of Dupont. 2 


““Say, Smokey—" 


A clinic on cars by Smokey Yunick, America's most famous mechanic 


Belted valves 


I have a 1984 Honda Civic DX with 
50,000 miles on the odometer. I was 
driving recently on the highway when 
I heard a wrenching noise from the 
engine. When I stopped, I noticed that 
the water pump was leaking anti- 
freeze. The mechanic said that the 
water pump had seized, which chewed 
up the timing belt and bent 10 of the 
engine's 12 valves in the process. The 
repairs took two weeks and ended up 
costing me $1,100. Was this job on the 
level? 

Alan Fleck, Newark, Del. 


Timing belts have not been holding up 
as well as auto engineers had origi- 
nally hoped. Most manufacturers with 
belt-driven overhead-cam engines spec- 
ify that the belts be changed at inter- 
vals between 40,000 and 60,000 miles. 
But I've seen some belts that have 
lasted over 100,000 miles. Some en- 
gines are designed so that the valves 
don't hit the pistons if the belt fails. 
It's likely that we'll soon see more me- 
chanical drives and fewer belts in the 
future or at least much stronger belts. 


Floored brakes 


The Chevrolet P30 chassis underneath 
my motor home has front and rear disc 
brakes, and has gone about 10,000 
miles. After driving it awhile, the 
brake pedal goes all the way to the 
floor. When I release the pedal and re- 
apply, the brakes feel normal. There's 
no sponginess or pedal-drop. The pads 
are not worn, I see no evidence of fluid 
leakage, and the master cylinder has 
been topped off. All the mechanics I've 
asked want to start changing parts 
without being able to give me an ex- 
planation of the problem's cause. 
Е J. Doherty 
Hawthorne, Calif. 


The problem could be that the brake 
pads are retracting too far from the ro- 
tor, or perhaps there's excessive left- 
right movement of the calipers. These 
conditions would require a large 
amount of master cylinder travel to 
move the pads into operation. Another 
possibility is that your master cylin- 
der has a problem that limits its fluid- 
charging in retraction. There is also 
still some chance that you have air in 
the system. Examine the brake pedal 


linkage from the master cylinder to the 
pedal for excess movement. 


Locked-up shift 


Ihave a question about my 1989 Chry- 
sler Grand Voyager with the new elec- 
tronically controlled four-speed auto- 
matic transmission with the lock-up 
torque converter. The torque converter 
unlocks when the accelerator is re- 
leased for a moment and then locks 
up again when I hit the gas. It con- 
stantly shifts when you vary the throt- 
tle. How about a manual-override 
switch? 

Frederick A. Blandford, Hilton, N.Y. 


The lock-up torque converter is the 
brainchild of engineers who are trying 
to improve mileage. The systems get 
their main instructions from a com- 
puter that monitors engine vacuum: 
Low vacuum, produced when the en- 
gine loads, unlocks them. High vac- 
uum, generated at light load condi- 
tions, locks them up. Also, these con- 
verters are designed to work in con- 
junction with the emissions controls. 
Therefore, the annoying shift pattern 
is contrary to your gut feelings about 
how it should work. You could install 
a manual control, but it's illegal be- 
cause officials in charge of lowering 
emissions don't want any changes from 
the car's certified configuration. 


Unpowered steering 


The power steering on my 1987 Buick 
Le Sabre is stiff when I start the car 
after letting it sit all night. It frees 
up when I move the steering wheel 
back and forth a couple of times. 
What's the problem? 
Rudy Zulich 
Highland Heights, Ohio 


Take that car back to the dealer for 
warranty repairs soon. There has been 
a lot of trouble with that model's steer- 
ing equipment. In most cases it's not 
dangerous, just stiff when cold, but 
steering is not an area in which a de- 
fect is acceptable. If the dealer tries to 
charge you, don't give in. The repair 
should be on full warranty. 


Tight bolts 


I was about to repack the front bear- 
ings on my 1987 Ford Thunderbird, 


so I used my torque wrench to remove 
one of the calipers. To my surprise, 
it didn't work, and in the process I 
stripped both the bolt and tool. I tried 
another torque wrench, but got the 
same results. A mechanic told me that 
Ford put Loc-Tite on the bolts during 
assembly. He said heating the bolts 
before removal sometimes does the 
trick, but most of the time you have 
to buy new bolts. 

Paul Bijlsma, Ceresco, Neb. 


Loc-Tite is used instead of mechani- 
cal locks probably because it's cheaper. 
We use Loc-Tite on race cars just about 
everywhere. You should be cautious in 
applying locking chemicals because 
each has specific applications. Most 
mechanics consider the use of Loc-Tite 
to be a good move. 


Shift grinder 


The gears on my 1988 Daytona Shelby 
grind when I shift the transmission 
from first into second on cold morn- 
ings. Do you have any suggestions? 
Daniel K. Rothermel, Reading, Pa. 


The gears will grind if the clutch- 
release mechanism is not working 
properly. Cold weather increases the 
thickness and drag of the transmission 
lubricant, making shifting hard at 
times. Check with Chrysler to see if 
using automatic transmission fluid, 
which is much thinner, is appropriate. 
If so, give it a shot. If that doesn't work, 
take a look at the clutch, synchronizers, 
linkage, and pressure plate for wear 
or damage. 


Hot under the turbo 


I have a 1986 Ford Thunderbird with 
a turbocharged 2.3-liter engine. The 
exhaust manifold and turbo housing 
glow orange after only three miles of 
driving. The dealer says nothing is 
wrong with it. 

Charles L. Druce 

Chula Vista, Calif. 


The exhaust system on a turbcharged 
car under full boost will often turn yel- 
low from heat. However, most turbo- 
charged cars hardly ever get to full- 
boost pressure. But in the hands of a 
hot rodder, this waste heat can dam- 
age some parts that may be placed too 
close to the exhaust system. 
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The Stealstopper Р5/2: 
Thats short for Personal Security. 


Just push the button on the special sensors and circuits. The Steal- 
Stealstopper PS: It's so miniatur- stopper PS is so vigilant it reacts to 
ized the completely electronic Р ` thieves before they can steal anything. 
fits on your keychain. = 1 That's security. 

One push sends |7” NEM. | So good, only Steal- 
an unscannable radio ж 3| stopper а 
signal that locks your حر رت‎ | your car's pem еп 
car, even 100 feet J writing with our $1000 
away. (And unlocks it too, for your Protection Plan. So stop theft today 
convenience.) Call 1 (800) U.S. S-T-E-A-L for 

A powerful mini-computer does your nearby Stealstopper dealer 


the rest, guarding your car with and push the button on crime. 


Security . 
ше Best [STOPPER 


WE'RE APPLYING THE 
SAME IDEA 
TO OUR PRICES. 


Save up to $70* on the up to $50 off on Models 268XP 
Husqvarna Model 50 Special. and $20 off on Husky 
The new 50 Special has increased › for a great deal, head 
power and a larger muffler to help on over to your participating 
reduce heat ant noise for easier, Husqvarna dealer. 
quieter cutting. Because money 
Other great savings include up doesn't grow 
to овда Husky Model 40, on trees. 


"Savings vary by dealer See your 
participating Husqvarna dealer for details. 


HUSGVARNA® 


Stealth's first fight 


on air defene hasn't - very much no matter what 
weapons systems we deploy" 

Speaking recently at the National Press Club in Wash- 
ington, D.C., Soviet Premier Mikhail Gorbachev's military 
advisor, Marshal Sergei Е Akhromeyev, said that if the 
United States builds the stealth bomber, the Soviets will 
act to counter it. He did not say how. 

Welch had what may be the final word on the matter. 
"There are two kinds of strategic problems," he noted wryly, 
"those that are already controversial and those that will 
become controversial." 


Big-bucks bomber 


The fight over the mission of the B-2, however, is fading 
in the wake of the much bigger fight now being waged 
over its astronomical cost. When the program was launched 
a decade ago without much controversy because of its se- 
cret nature, the price tag was large, but not alarming. By 
the mid-1980s, the DOD said the cost to develop and build 
132 bombers would be $36.6 billion in 1981 dollars. By 
1988 the Air Force said that because of design changes 
and other reasons, the cost had risen 16 percent to $42.5 
billion in 1981 dollars. The number moved up again this 
year to $43.8 billion. Unfortunately, there is no way the 
B-2 can be bought in 1981 dollars. And in the inflated 
dollars that would have to be used, that $43.8 billion turns 
into $70.2 billion—$530 million per plane, by far the most 
expensive aircraft ever built. Congress, as a result, is suf- 
fering from a severe case of sticker shock. 

The half-billion-dollar cost includes development, train- 
ing, spare parts, and many other items. The Air Force 
says that's not the fair way to state cost. For the planes 
alone, says an Air Force document, "The average unit pro- 
duction flyaway cost of 132 B-2 aircraft is $274 million in 
today's dollars." Seen in that perspective, says Welch, the 
B-2 “costs only twenty percent more than the В-1” 

Welch accuses Congress of not really trying to figure 
out whether the B-2 is worth it or not. "It's just simply 
the size of the number" that has everybody frantic, he 
says. And Donald J. Atwood, Deputy Secretary of Defense, 
says, "When some members of Congress say we cannot af- 
ford a strategic manned bomber, they really mean that 
they do not want to cancel lower priority programs to pay 
for it" 

But the critics won't let up either. Former Under Secre- 
tary of Defense Robert Costello recently said in an inter- 
view with the Washington Post that the program should 
be killed. And Rep. James Traficant Jr. was unimpressed 
after the first flight. “My God, it can fly,” he said. “What 
next, a $100-million Batmobile?" 


Invisible plane, visible price 


After heavy debate, the House of Representatives voted 
to cut the B-2 1990 budget request from $4.7 billion to 
$3.7, to reduce the number of planes the Air Force could 
buy next year from three to two, and to require Defense 
Secretary Cheney to submit a cheaper overall plan, which, 
says Rep. Aspin, must contain an overall reduction in the 
number of planes requested. The Senate passed a less re- 
strictive bill. As of this writing, the outcome, to be deter- 
mined in a Senate-House conference, is unclear. Says Rep. 
John G. Rowland: *We didn't ground it, but we sure clipped 
its wings." 

"Right now, I would say it's an uphill fight for the B-2," 
says House Speaker Thomas Foley. For while the stealth's 
advanced engineering may make it nearly invisible to ra- 
dar, its $70-billion price tag makes it the most visible tar- 
get seen by legislative antennas in decades. 
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Saving the planet (continued from page 56) 


of oil had plummeted to less than $12 
a barrel last fall, and the synfuels pro- 
gram is mostly foundering. 


Wind and solar 


The same conditions have hindered 
the development of both wind and so- 
lar energy projects. Both are attrac- 
tive, both are at the mercy of cheap 
oil. The leading sources of energy in 
the United States (numbers approxi- 
mate) are oil, 43 percent; coal, 24 per- 
cent; and natural gas, 23 percent. Nu- 
clear supplies about six percent, and 
hydroelectric power, for which virtu- 
ally all practical sites in the United 
States have already been exploited, 
trails with four percent. 

On a precisely drawn pie chart of 
energy supply, wind and photovoltaic 
energy would hardly occupy visible 
slices—crumbs, more likely. True, Cal- 
ifornia’s 17,000 wind turbines gener- 
ate enough electricity to satisfy the 
requirements of Washington, D.C.’s 
residences. But that's a tiny fraction 
of wind power's potential. According 
to a study by the General Electric 
Space Division, if the country were 
saturated with enough wind farms to 
take advantage of all our high-wind 


areas, the turbines could supply about 
40 percent of the total U.S. electrical 
demand. 

Similarly, the brilliant prospects of 
photovoltaics—direct conversion of 
sunlight to electricity—have been 
dimmed. The reason: much further re- 
search and development are required 
to bring the capital cost of a peak watt 
from a photovoltaic installation—now 
about $5—down to $1, to compete 
with fossil fuels. Investment by both 
industry and government in solar en- 
ergy research has been dwindling 
steadily; federal funding sank from a 
high of $160 million a year during the 
Carter administration to $35 million 
in 1988. A significant number of ma- 
jor US. players have simply deserted 
the field in the last few years. 

Tronically, this retreat is occurring 
at the same time as several technical 
breakthroughs, including a record 
efficiency of 31 percent for a solar 
cell achieved at Sandia Laboratories 
[Cover story, May]. Still, the cost of 
electricity from photovoltaics is some 
five times higher than from electric 
utilities, on average: 25 to 35 cents 
per kilowatt-hour as opposed to about 
six cents per kilowatt-hour, according 


to the Solar Energy Research Institute. 

Fusion power matches the profile of 
an ideal energy source—limitless and 
essentially nonpolluting. But progress 
toward achieving a fusion reactor that 
is feasible from both an engineering 
and an economic standpoint has been 
painfully slow. The bitter joke inside 
the fusion community is that such an 
outcome lies 25 years into the future 
—and has done so for the last 40 
years. 

A Magnetic Fusion Community Po- 
sition Paper issued last May set forth 
these goals: ignition achieved in the 
1990s with a proposed facility called 
the Compact Ignition Tokamak, or 
CIT. (Ignition is the point at which 
the hydrogen gas plasma in which fu- 
sion occurs keeps itself hot by means 
of its own fusion reactions, while gen- 
erating considerable power output as 
well.) This would be followed by an 
International Thermonuclear Experi- 
mental Reactor (actually an engineer- 
ing test reactor) to be completed around 
the year 2000. If that test is a suc- 
cess, next would come a fusion power 
demonstration plant in the first quar- 
ter of the 21st century. 

That schedule, like many in the 
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past, may be over-optimistic. On June 
15, Energy Secretary Admiral James 
Watkins notified the chairmen of var- 
ious congressional committees that 
“Due to lack of key scientific un- 
knowns, the Department is no longer 
proposing to begin actual construction 
of this device (CIT) in FY [fiscal year] 
1990...I am now convinced that the 
CIT will be unlikely to meet the key 
ignition goal....” 

The Energy Department’s present 
approach to fusion, as outlined in a 
still-tentative draft on policy, appears 
to be to postpone a decision between 
magnetic confinement fusion, repre- 
sented by the tokamak, and inertial 
confinement, as in laser devices, un- 
til “early in the next century.” There- 
fore “the Department does not plan 
to request sizable increases to the 
DOE budget to construct either of the 
near-term-ignition devices” (the CIT 
or a proposed inertial confinement de- 
vice called the Laboratory Microfusion 
Facility). 


No-lose nuclear? 


Nuclear power? It once seemed to 
offer a no-lose energy option. But it 
has been beset by a truly baroque con- 


stellation of ills, from mismanagement 
and cost overruns (some still recall the 
early promise that nuclear electricity 
would be “too cheap to meter”) to con- 
cerns over safety and the real prob- 
lems of waste disposal and decom- 
missioning. The accidents at Three- 
Mile Island and Chernobyl served to 
make the citizenry of some countries, 
notably the United States, leery in- 
deed about energy from the atom. The 
result in this country is that no new 
nuclear power plants are now planned, 
none is being built, and a $5.5 billion 
finished plant that is ready to begin 
operation (LILCO’s Shoreham plant on 
Long Island, N.Y.) may be sold for a 
dollar and dismantled. 

But the threat of global warming 
has made some environmentalists 
willing at least to reconsider the po- 
tential of this no-greenhouse-gas proc- 
ess. In this context, it is worth looking 
at the present contribution of nuclear 
power worldwide. 

The International Atomic Energy 
Agency reports that nuclear energy 
supplied 1.8 trillion kilowatt-hours of 
electricity in 1988, nearly 17 percent 
of the world total. 

“While that does not appear to be a 


low many times has it happened to you? 


very large share,” says the Agency’s 
director general, Dr. Hans Blix, “to re- 
place it would require the equivalent 
of the entire coal production of ei- 
ther the United States or the Soviet 
Union.” 

The 17 percent share was generated 
by 417 commercial plants in 25 coun- 
tries. Half of those countries derived 
at least 25 percent of their electric 
power from nuclear plants, with France 
heading the list at 70 percent. Swe- 
den's mark was 47 percent, Japan's 28 
percent. In the United States, 112 nu- 
clear plants generate about 20 percent 
of the nation's electrical output. Nu- 
clear here is the second largest pro- 
ducer of electricity; only coal gener- 
ates more. 

Coal, of course, is the dirtiest of the 
fossil fuels from the standpoint of CO; 
emissions. And moving away from this 
energy source on a global basis will 
be difficult. 

Mark A. Harwell, an ecologist who 
is director of Cornell University's 
Global Environment Program, visited 
China last fall. 

"The Chinese authorities and scien- 
tists I met with told me they intend 

Continued 
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Saving the planet continue 


to double or triple their coal produc- 
tion in the next twenty-five years,” he 
says. “Now, I don't care what kind of 
energy efficiency we impose on the 
United States, that’s going to more 
than swamp our signal. 

“Yet I don’t see that we can go to 
the Chinese and say, ‘No, no. You can’t 
do that, because it’s going to make the 
Earth warmer. They've got a billion 
people trying to raise their standard 
of living, and the only energy resource 
they’ve got that’s capable of doing it 
is coal. The one thing we can do is 
help make a tremendous improvement 
in the efficiency with which China 
uses coal. That would have a real 
impact.” 

Still, any move away from the fos- 
sil fuels will help. 

“We will have to move very aggres- 
sively with nuclear energy if we are 
going to mitigate the effects of the CO, 
problem,” Alvin Weinberg told an in- 
ternational conference on the en- 
hanced safety of nuclear reactors in 
August 1988, where a number of de- 
signs for reactors, simpler and alleg- 
edly safer than present ones, were 
discussed. Weinberg, of the Oak Ridge 
Associated Universities, is one of the 
world’s foremost energy analysts. He 
pointed out that France, heavily in- 
vested in nuclear plants, has reduced 
its emissions of СО» into the atmo- 
sphere by 30 percent, while maintain- 
ing a good safety record. 


Environmental dilemma 


The global warming issue, Weinberg 
Says, creates a curious dilemma for en- 
vironmentalists. "They are correct 
when they say that nuclear power 
can't do the whole job alone, but con- 
servation cannot do everything either" 

Not everything. But to many experts 
it offers what may be the only seri- 
ous candidate for salvation. Most 
agree that futuristic macroengineering 
projects like orbiting space shields will 
not be attempted, that there will be 
no large-scale abandonment of coal- 
burning electric power plants in the 
near future, that Third World coun- 
tries will not—without powerful in- 
centives—reject economic develop- 
ment, including the clearing of tropi- 
cal forests, to save the rest of us. 

But a gradual spreading of the con- 
servationist creed, especially in the in- 
dustrial countries, might be a power- 
ful antidote to the greenhouse gases. 
Despite some recent backsliding, this 
country, for example, has had some re- 
markable successes starting in the 
early "70s: 

From 1973 to 1986, U.S. energy use 
remained level, while the gross na- 
tional product increased 40 percent. 


And improvements were not confined 
to the United States. 

"The world has saved far more en- 
ergy [since the Arab oil embargo of 
1973] through improved efficiency 
than it has gained through all new 
sources.” That is the conclusion of 
Christopher Flavin and Alan B. Durn- 
ing in a 1988 World Watch Institute 
report titled “Building on Success 
—the Age of Energy Efficiency" And 
there is certainly room for more im- 
provement, especially in the United 
States. 

“We currently spend ten percent of 
our GNP [gross national product] on 
energy services," says Arthur H. Ro- 
senfeld, "compared to five percent for 
Japan." Rosenfeld is professor of phys- 
ics at the University of California, 
Berkeley, and director of the Building 
Science Center of the Lawrence Berke- 
ley Laboratory. 

"Improving energy efficiency in 
buildings, industry, and transportation 
can cap world fossil-fuel use, delay 
global warming for twenty to forty 
years, and provide time necessary to 
develop safe, reliable, renewable en- 
ergy supply options such as nuclear, 
solar, ocean, and wind power, all of 
which are expensive now but should 
be cheap in twenty to forty years.... 

“If the U.S. were still operating at 
1973 efficiency levels, we would have 
pumped fifty percent more carbon 
dioxide .. into the atmosphere during 
1986. But we can do much better. In 
fact my personal target is to reduce 
the total U.S. energy consumption per 
unit of GNP by 3.5 percent a year. 
This would permit 2.5 percent annual 
growth and still cut U.S. energy use 
and fossil-fuel emissions by one-half 
over the next seventy years. The tech- 
nology to do this is already available 
—such as more energy-efficient lights, 
windows, appliances, motors, and cars 
—but we need economic incentives.” 

Pointing to the ominous fact that 
in 1987, for the first time in history, 
the US. transportation sector con- 
sumed more oil than we produced, 
Rosenfeld calls for a tax on gasoline 
and a combination of fees and rebates 
—keyed to mileage per gallon—for 
purchasers of new cars. 

The greenhouse effect is blind to the 
methods by which we achieve conser- 
vation, whether through mutual coop- 
eration—a sort of new social contract 
—or through stern measures imposed 
by law. Both may be needed to effect 
another essential form of conservation. 
Beyond conserving energy, the world 
needs to conserve and expand the liv- 
ing forests. 

The combination of halting defor- 
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Saving the planet Continued 


estation and planting trees has the ef- 
fect of terminating the steady erosion 
of a carbon dioxide sink while increas- 
ing the net absorbtion of the green- 
house gas. Moreover, planting urban 
trees promotes cooling and so reduces 
the air conditioning load—another en- 
ergy saving. 

Says Rosenfeld: "The recipe is this: 
Pay $15 to $75 to plant and water 
three trees around a house, wait ten 
years for the trees to grow, and then 
save about 750 to 2,000 kilowatt-hours 
per year in air conditioning energy per 
house—worth $50 to $150 each year.” 
The American Forestry Association 
has begun a national program des- 
tined to achieve the planting of 100 
million trees in cities across the Uni- 
ted States by 1992. 


How many trees? 


Other tree-planting schemes are far 
more ambitious; they would tax the 
stamina of a legion of Johnny Apple- 
seeds. Daniel J. Dudek of the Envi- 
ronmental Defense Fund, in testimony 
before Congress in September 1988, 
urged the planting of 10 million acres 
of trees (an area twice the size of New 
Jersey). This, he said, would absorb 
all the carbon dioxide emitted for the 
next 10 years by new coal-burn- 
ing power plants to be built by US. 
utilities. 

How much new forest would it take 
to absorb an extra, say, five billion tons 
of carbon each year—about equal to 
the amount emitted by fossil fuel 
burning? Gregg Marland of Oak Ridge 
National Laboratory has calculated 
it would take an area the size of 
Australia, about equivalent to all the 
tropical forest man has cleared since 
he invented agriculture 10,000 years 
ago. 

On a considerably smaller scale is 
the so-called “offset strategy” by which 
utilities agree to plant trees in ade- 
quate numbers to take up the amount 
of carbon dioxide their new plants will 
generate. A much-admired example 
has been launched by Applied Energy 
Services. It will contribute $2 million 
to the planting of 52 million trees in 
Guatemala as an offset to its new 
180-megawatt coal-fired plant in Un- 
casville, Conn. 


Population control 


There is one other role for conserva- 
tion—keeping the world’s population 
from exploding out of control. 

Like most ecologists, Cornell’s Har- 
well believes that population increase 
is the ultimate driving force behind 
the enhanced greenhouse problem. 
And he sees an intimate connection 

Continued 


So, you think you’re safe from outside 


pollution inside your airtight, air 
conditioned home or office? 
Think again. Indoor air is 3 to 10 
times more polluted. 


THE ENVIRONMENTAL CATCH 22 


by Lesley Clements 


There is a serious danger in the air 
you breathe. Microscopic elements 
that bypass the body’s natural filtering 
system. Inhaled directly into your 
lungs, they may cause cancer or other 
respiratory damage. 


The EPA calls these sub-micron par- 
ticles the main culprit in polluted air; 
Cancer causing RADON, ASBESTOS 
DUST, CARBON SOOT, BACTERIA, 
VIRUS & CIGARETTE SMOKE. 
Each year more than 10 pounds of 


pollutants are dispersed into the air j 
for every man, woman and child in | 


America alone. 


THE CATCH 22 


Think about it. We spend 90% of our 
lives indoors, in homes and offices 
that are airtight to conserve energy. 
We use air conditioners that may 
breed bacteria and appliances that 
de-ionize the air. We add to pollution 
as we exhale, cough, cook, smoke and 
even as we clean the home. What 
happens to the polluted air created 
and trapped inside the home? We 
inhale it, because we each must 
breathe in and out at least 3,000 gal- 
lons of air every day just to live. 


The Health Issue is Clear: Large 
visible particles fall out of the air 
usually in minutes. Small particles 
like cigarette smoke (with over 4700 
elements) remain suspended for 
hours, even days, floating in the air 
you breathe. Removing small par- 
ticles that contain respiratory irritants 
or infectious bacteria and virus clearly 
reduces the health risk in indoor air 
pollution. 
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THE DELUXE ASPENAIR A-12 ™ 
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variable control switch 
regulates ion-flow from high to low. 


% 


exclusive flexible 
emitter produces 


ions each second. 


wood col 


wood collector plate 
positively charged to 


attract pollutants. 


In just a few М 
days the filter \ 
will show the — ~~ 
pollutants that 
could be in your 
lungs. 


The A-12 is different from noisy fan 
and dust filter systems. Each A12 
electrostatically scrubs up to 1800 
cu.ft. of air every second (cleaning an 
average 15 x 15 room). It charges pol- 
lutants and bacteria, removes them 
from the air and collects most of the 
debris while restoring billions of 
beneficial negative ions to the air. 
Only bi-polar ionization can do this. 


Patents pending 


billions of negative 


If you suffer from asthma, allergies 
or other respiratory ailments even 
low levels of air pollution may trigger 
an attack. The A-12 helps you 
breathe easier as it removes 
respiratory irritants from the air. It 
provides a protective shield against 
most common-cold germs and air- 
borne virus and bacteria. 


Breathing ionized air can help you 
breathe better, feel better, sleep bet- 
ter and even think better. 

You take a vacation to get away from 
urban smog and breathe in clean fresh 
air. You may choose a mountain get- 
away, an ocean cruise, a hike in the 
forest. These locations make you feel 
healthy and alert because they are 
rich with high levels of natural nega- 
tive ions. The AspenAir can’t conjure 
up the mountain but it will surround 
you with a bubble of healthy ionized 
air as essential to your well-being as a 
good diet and excercise. 


Note: Bi-Polar ionization was in- 
vented by Air lon Devices in 1981, 
the leading manufacturer in this 
field. More than 500,000 AspenAir 
До product are in use world- 
wide today. Every AspenAir comes 
with a full 1 year limited warranty. 


Discover the difference at no risk ! 


Try the powerful A-12 for 30 days. 
Use it where you work, sleep and rest. 
If you are not convinced that it is the 
most powerful, affordable and effec- 
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refund. However, chances are you'll 
want several before the trial period 
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oe supply (48 pack) filters - 
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Saving the planet continued 


between population rates and the food 
shortages that will arise as global 
warming shifts the distribution of food 
crops, decreases the amount of water 
available for grain belts, and shrinks 
the amount of arable land through sea 
level rise. 

“A farmer in Kansas is likely to find 
a way to adapt; I don’t expect people 
in Kansas to starve,” he says. “But 
it’s a different story in, say, parts of 
Africa, and similar places where there 
are tremendous stresses already from 
over-exploitation of the environment. 
These are the places where human 
population growth is outrageous, dou- 
bling every twenty-five years. The 
combination of no reserve food capac- 
ity, a stressed environment, and an 
outrageous population growth rate is 
leading to terrible consequencs in 
those parts of the world already. If we 
superimpose a more uncertain and 
hostile environment through global 
warming, then it just makes things 
really grievous.” 


Acase for action 


The time taken for the world’s pop- 
ulation to double is shrinking: It took 
more than a century for a change from 
1.25 billion to 2.5 billion in 1950, but 
only till 1987 for the next doubling, 
to 5 billion. In the year 2000 there 
will be a billion more. In many coun- 
tries, however, including some of the 
worst afflicted, population control en- 
counters strong resistance on religious 
grounds. 

There remain those who argue that 
the case for global warming is not 
fully proved, that the climatologists’ 
models are fallible, that proposed rem- 
edies are too wrenching to be contem- 
plated without further assurances that 
they are absolutely needed. 

One trenchant response to this ar- 
gument came from an Australian leg- 
islator, Barry O. Jones, at the close of 
the Greenhouse '88 conference in Mel- 
bourne. He approached the production 
of greenhouse gases, he said, in the 
spirit of Pascal’s wager—after the 
17th century French philosopher: 

“If we take action and disaster is 
averted, there will be massive avoid- 
ance of human and social loss and 
suffering. 

“If we take action and there is no 
problem (i.e., a period of global cooling 
occurs for other reasons), then little 
is lost—indeed we should gain cleaner 
air and environment anyway. 

“If we don't take action and disas- 
ter occurs, it will be a vast global 
tragedy. 

“If we don't take action and there 
is no disaster, the outcome will be due 
to luck alone.” 
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Home watchers 
[Continued from page 77 | 

be any open window or door down the 
wire.” Now you know. The newest 
wired systems like Ademco's Vista no 
longer check for continuity. "We use 
the wire to carry power and digital 
signals that communicate with each 
sensor," says Goldman. “If the sensor 
detects a burglar, it digitally reports 
its location to the system." 

Most often, the system is an elec- 
tronic control box that's in touch with 
a remote central monitoring station 
via phone line. But there's a prob- 
lem: “A smart thief could cut the line,” 
says Goldman. So Ademco has an 
alternative. 

*We call it AlarmNet," says Gold- 
man, "and it uses a transmitter at 
each control box instead of the phone 
line.” To receive the emergency trans- 
mission, Ademco has created its own 
network of multiple antenna towers 
strategically located to cover a wide 
area. "Twenty-six towers cover New 
York City," says Goldman. "If any one 
of them receives an alarm, it's passed 
on to the monitoring station." 

While an operator at the central 
monitoring station must verify the 
alarm (usually by calling your home 
and asking for a password) and call 
the police, his role is largely passive. 
But that's changing too. 


Downloading revolution 


"The alarm industry has been rev- 
olutionized recently by something 
called downloading," says Goldman. 
Equipped with a personal computer, 
the operator at the central monitoring 
station can now control your alarm 
system by sending—downloading— 
digital information. For the first time, 
there is two-way digital communica- 
tion between electronic systems. And 
that means additional conveniences 
too. "Say you left for your vacation and 
forgot to arm the system," says Gold- 
man. “You can call the operator, and 
he'll do it for you." He could also 
change the way your alarm operates. 
For instance, certain sensors could be 
turned on or off to allow limited ac- 
cess to your home while you're away. 

If computer downloading and radio 
networks seem elaborate—and expen- 
sive—for typical home protection, 
you're right. But the technology is 
here now and more is certainly to 
come. Future home systems will check 
fingerprints or listen to your voice pat- 
tern before you're allowed to enter. 
And digital transmissions will be 
made over an enormous spread of fre- 
quencies to avoid detection and block- 
age. “If we can make a digital dog 
now,” says Heath's Krisel, “maybe we 
can take a real bite out of crime in 
the future.” 05 
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ed up from over 40 leet in ће 1 паунда. Complete kit S 100! 20 marbles i arr = ы. 2 тв60.778 $3.95 ‘the usual cost. 
padded, adjustable head: 3 s MN ep Mois 


^ 
Epor зми ||. Ts eerie ышт CI F Edmund Scientific Co. тоскно 


: Y Suy motar. tee pound Dept 190A, Edecorp В 
ЕЕЕ ds 29 bare, a large secto ot "Featured on this page are only afew atthe)! Baringlon: ы 
Ж = eae га ж jinative products that appear in our METOD OP WEIT SSS 
elebrate Big Events —With А Terrific co Б^ p? О Check enciosed ISA 


BOON ЕЕ Gest | Our Intelligent Yo-Yo With A "Brain? It's The Amencan Express. Ci Care Blanche 
К ‘the 18005 | Longest Spinning Yo-Yo Around! _ nm — -— 
is cannon is reat | A simple fick of he wrist pre = 
rou п |ы eka ATALOG | | ——— —— 

ER HEDHE E © [5 веке "um 
Sd ee Ga EIU papers ае | —— 
[bie to NJ residents or minors). Twisters” and more. it operates A Д Send for your Sok retur eT MA In NJ Add 6% Sales Tax 0 
тт Light Field Cannon: Single shot action, cannon meas. | on a centrifugal clutch principle copy today. Signature. Add $2.50 lor. 
m үну лс Ie Discere s ан өшеді ee 
anon: Automatic action, cannon has 10%" body plus | longer than any other yo-yo Something educational, fascinating and eeetal for RUSH FREE 80 


Табы $79.95: Bangsi Ammunition, 2 ies | petore returning to me users hand Precison engineered. Se қ aprene өй өсік LL COLOR CATALOG тота. енсковғо 
urn Ее every hobbyist. gadgeteet. student and educator Ful 


No Risk Guarantee! i! you are not. tel) — with your | return the merchandise 
For Phone Orders, Call No Risk Guarantee? yeu are omnis wth you pase, eun Pe E 
1(609) 547-8880 2 Say incondionai guarantee means you take no пак on any produe! you buy rom us 


ra ша es Edmund Scientific Co. 


JOST ORDERS SHIPPED WITHIN 48 HOURS Dept. 19DA, Edscorp Bldg., Barrington, NJ 08007 


P State ze. 
------ Serving Science Hobbyists Since 1942 — 


as 


Train 
FAST 


at Home! 


If you enjoy fixing things, you're a “паішга!” 
to make hundreds of EXTRA DOLLARS a 
year in the fascinating business of Lock- 
Smithing. Rising crime has increased de- 
mand for service a thousandfold. Yet there's 
only one Locksmith for every 17,000 people! 


COLLECT CASH PROFITS ALMOST AT ONCE! 


You're "in business" ready to make $10 to $26.00 
an hour a few days after you begin Foley- 
Belsaw's shortcut training. Easy illustrated les- 
sons complete with ALL practice equipment 


€ ALL TOOLS YOURS TO KEEP 
e ere MACHINE YOURS TO KEEP 
ЕНТ PERSONAL ASSISTANCE 

BUSINESS BUILDING HELP 


THIS DO-ALL PRO 


KEY MACHINE YOURS 
TO КЕЕ! KEEP! 


"Can add $50 
to $100 a week 
to your in- 


“War injuries 
badly handicap 
now I'm a fin 


your training. 


Work is fascinating, 
do it anybody can 


Glen Jo! 
Make Up to $26.00 an Hour — even while learning! 


Bea LOCKSMITH 


(С 


left me 

ped, but 

iancial Cer 
‘mith, thanks 

Besides, the‏ و د ای 


hnson, Larned, Kan. 


enable you to get your share of this always- 
profitable business. Hundreds we've trained 
are doing it. So can YOU. 


MAIL COUPON to discover how Locksmith- 
ing can keep the extra money coming in dur- 
ing spare time—or in your own full-time 
business. Ideal for retirement—good jobs, too. 


6301 Equitable Rd. Das. 11702 
Kansas City, 120 
N. Hunt, Wilmington, Del.—'"! make $50 а 
week exira. 
В. Davis, St, Louis, Mo.—"' cleared $110 last 
Saturday." 


) Ed Boyle, Pittsburgh, Pa.—"My business going 
at top speed. I'm moving to bigger quarters.” 


AIL THIS COUPON e NO SALESMAN WILL CALL 


гы "C INSTITUTE. 
IUITABLE В! pee’ 11702 


e to your Future. 


Address. 
City 


YOUR HOME’S 


CLIMATE. 


Advanced 
technology 
puts Robert- 
shaw elec- 
tronic ther- 
mostats at 
the leading 

edge of the industry. They 
keep your home or office comfort- 
able, with convenience—you never 
have to remember to change the 
temperature setting. So smart, 
they're guaranteed to pay for them- 
selves in energy savings within one 
year. 

See them, and the complete 
line of Robertshaw thermostats, 
with a model for every budget, at 
your hardware store or home center, 
today. 

Comfort, Savings, Convenience. 


CONTROLS COMPANY * 
Consumer Products Marketing Group 
13625 Neutron Road 

Dallas, TX 75244 
The Energy Control Company® 


-—— жаг ы шы Ба — a D 
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Welcome to 
Clockmaking! 


An exciting hobby 
that's easy, fun, 
and a great source 
of extra income! 


Klockit's newest catalog 
features the lowest prices on 


* Quartz & Mechanical 
Clock Movements 
Kits * Dials * Hardware 
Music Movements and Boxes 
Woodworking Tools, 
Craft Supplies and More 


Our largest catalog ever! 
TO ORDER YOURS CALL TOLL-FREE 


1-800-KLOCKIT 


Address 
City 


GOC QC. Dept. PS109 


P.O. Box 542, Lake Geneva, WI 53147 


— 0] Zip. 


Northern 


1 Where the Pros and Handymen Shop 


ORDER TOLL FREE 
533-5545 “o 


Sale Good Thru 10/31/89 


the Parts to Build 
Your Own Splitter! 


16 Ton 
Log Splitter | 
stroke, 8” Wing 
edge ua $1100 
Custom Wood Crib paan a 
Heavy duty steel rack is 13W х Sale $799.99 


44¥" H. Adjusts to any length with 


two 2x4's (not included). Helps ,.. cushioned handle 


keep wood neat and dr ы 

йеп 158501 - Башы 

Sale $23.99 Log Blaster we 
12 lb. Lumber Jack log 
splitter maul. All steel. 
handle. Splits most 
logs with one stroke. 

Famous List $28.95. 

Brand Пет #11911 

Gas Sale $21.99 

Engines 


ty eer ese 
Horizontal and vertical shaft. 

5 HP #6051 Sale $139.99 
8 HP 46081 Sale $209.99 
10 HP #6010 Sale $249.99 


Delivers 33 amps at 
120V, 16 amps at 240У. 
8 HP Tecumseh engine 
has cast iron sleeve. 
hem #16425. 


Sale $419.99 


Resistant 


‘Tough Tarps 
Hetty woven poly tarps МОЙШЕ 

tustproot gr 
at comers & every 3 ft 
nem# Size 
1770 6x8 5209 
1771 sxo $499 
1772 10х12 $6.59 
1173 12х16 5999 Мг. Heater 
пн m HÀ 12,000 BTU 

16х20 $19.99 infrared propane heater 

1776 20x30 83999 has safety shut-off valve; 
177 30540 36799 Consent output, to “30 
1779 30x60 $9799 roi mouded tem #3720" 


по! included. Item #1726 


Sale $39.99 


Shipping not included. 


Send for your 


FREE 2 


Discount Tools, 
& Equipment Catalog! 


Save 
to 5096 


on Famous 
Name Brands! 


Send or Call for your FREE. 
Tools, Parts and Equipment. Catalog! 


Name 


Address. 


City 


State 2р 


Northern, Key #83832, 
Р.О. Box 1219, Burnsville, MN 55337-0219 


Where the Pros and Handymen Shop. 
LL FREE 1-800-533-5545 


What's New at 


AMERICAN DESIGN COMPONENTS? 


e warehouse 60,000 items at | 3 1/2", 20Mb., 
American Design Components- HALF- 

expensive, often hard-to-find com- 

ponents for sale at a fraction of their 

original cost! 


Call Toll Free: (800) 776-3700 


THERE'S NO RISK! 


With our 90-day warranty, 
any purchase can be returned for 
any reason for full credit or refund. 


(ST225: Compatible) 
Universal 54” mounting. For 


PC/XT/AT compatible computers. 
62 


item #15853 RFE - $179.00 
Western Digital Controller Card 


For above drive. 


tem #10160 $89.00 


NM light. Laser head 
& associated electronics 
are integrated into a single 
. Ideal for holography 
& entertainment applications (light shows, 
etc.). Req. 12У @ 1А adaptor. Mid. in Ger- 
тапу. Dimen.: 15" L x 214" H x 212" D. 
Item 422726 New - $139.99 
ж 12V Power Supply 
(Requires compatible plug.) 
Item #19589_ $9.95 


14” COLOR MONITOR 
(CGA — IBM Compatible!) 


K 


48 TPI, 40 Track, 
Double Side/Double Density. 
Mfr.- CDC 9409T 
Item 47928 $79.00 Now 
2 tor $150.00 мем 


MS DOS / CPM COMPUTER 
“Graphics Capability” 


“High Resolution” 


ІВМ Compatible! 
Capable of running MS/DOS 3.2 


256K, expandable (chips 
must be hard-wired in). 
Complete with 15” mono- 
chrome monitor (amber), 

- | 93-key Swedish keyboard 
(most characters are in 
English), and CPU. 


(automatically 
switchable). Resolution: 
horizontal x vertical). 
ird and IBM interface cables. 
Dot рісі 
Mfr - Ниасі 
Item #22475 


Special Offer... 


(Disk drives not included!) | 
Uses 1 or 2 DS/Quad 
New - $199.00} Density Disk Drives. 


additional kits). 

One computer 

acts as a fle server; the other(s) can access disks or 

printers attached to the server. Includes interface 

board, hardware, sofware, manuals, and tools 

needed for installation. Requires 10 Mb (min hard | ОА Dim 

drive, and 384K RAM for the server PC. Mir ~ NEC Shaft: /4 long. 
Mfr — Matsushita or equiv. 


Electronic Instant Ignition 
MICRO TORCH 


The "First Source" for the 

Tinkerer, Teacher, Hobbyist, 

Technician, Manufacturer, Engineer 
High Resolution 


TTL MONITOR 
(Open Frame) 


* | owners manual. Mir — Coleco, model 


incl. Dim. AWHI 15 316 dia. 
Mir ~ Vulcan #20. 
Кет 422072 New - $39.95 


accessories safely! Will 
accommodate the following cameras: 
Matsushita, Panasonic, GE, Quasar, 
Magnavox, Sylvania, NEC, & Philco. 
Lightweight, black molded plastic; shoul- 
der strap inc. OA Dim.: TTWx I Hx 9° 
deep. Mir ~ Travel Master #TC-1711, 


Item #22909 New - $19.95 


YES! Please send me the following чете 


кет 
No. 


How. 
Many? 


Description 


Price 


7817. Item ‘Special "S175. 00 
T 5 

DATA DRIVE #6641 $19.95) 

PRINTER POWER SUPPLY 


VDC 
Green phosphor. Schematic incl. 
Audiotronics #900961-11 


Item #17198 New - $19.95 


os| 12VDC FANS... 
Cooling applications: RVs, campers, boats, 
computers & " 


CONTROLLERS (Set of 4) 
!em47013 $9.95 RFE 


ADAM CASSETTES. 
Incl Smart Basic, Buck Rogers & blank 


NEW BLANK TAPES 
йет #20868 — 4for 
SMART BASIC PROG. MANUAL 
tem #20875 New - $14.95 
ADAM SOFTWARE SET 
edes Erperype Recipe Fler Sman 
98/5 & Forms, and Zaxxon. 

Пеп 421746 New - $29.95 


for $10.00] Dim.: 47 x 15" m 
IMC #4715PL-04W-830 


Пет #23724 Now -$14.95 


2ICFM Sprite? 
4.0" thin 
ТОР DAW 
Пет #23978 New= $9.95, 
EXTERNAL DISK DRIVE 
CHASSIS W/60W power supply 


Manufactured for Compis in 
Sweden. Operates on 115 or 
230V. Built-in printer output 
(serial or parallel). Hook-up 

diagram included! 


Item #21934 
New - $199.00 


' closeout — 
we cannot accep! retums on this item.) 


2 ful-height drives; 
2 floppy drives; or 1 hard 
ФЕ fopy dive nul 18/ 230V, 
50/60 Hz. Org. for Burroughs computer. 
Dim. 11 x8'Hx 12D. 
tom #14541 $59.50 

“Chassis w/One 5-1/4” 
DS/Quad Density 720K Drive 

tems #14541 + #1893 $139.00 


3” SWIVEL PLATE- 
MOUNT CASTER 
SET 3 


6V @ 9.5АН 


im: By" Hx AME W 


wisturdy 

mounts. Can be used for shop equip- 
ment, engine stands, etc. Plate dimen. 
471737. OA Dim. 

34 overall height. Mit ~ Bassick 


Ому cheek or money оше is лдей. 
C Charge my credit card. 
Û Visas (О MasterCard (J Amex 


Card No. 


Exp. Date. 


‘Signature 


АСЕМ free air. 
Maximum vacuum: 28". Maximum 
pressure: 40 PSI. Pump is coupled to a 
3/4 HP, 115VAC/60Hz., single phase, 
thermally protected motor. 

ensions: 6-1/2" dia. x 12” long. 
Mfr - Gast #0522-P167 


Item #23039 New- $79.00 


Canadian: 


Shipping & handling: we ship UPS 
wise jatal plus SS 


ga 


Telephone: Area Code Number 


Name 


S plus PO. cost. Charge only. 


Address. 


Sales Tax (N.J. residents only, 
please add 6% of total 


City 
State Zip 


ORDER TOTAL 


All inquiries and free catalog requests—call (201) 941-5000. 


or2 for $150.00 | For all phone orders, call TOLL FREE 800-776-3700. In New Jersey call (201) 941-5000. 


Aselection of catalogs and booklets avail- 
able from a variety of dependable companies. 
This section makes it easy to get as many as you 
want with just one coupon. Simply check the cata- 
logs you want; the numbers in the coupon at the end 


of the section correspond to those in the ads. 
Please note that some are free, while others require 
payment. A $1 handling fee must also be included 
with the coupon. Please send check or money order; no 
stamps or cash, please. 


ж 


Wireless Home Alarm Systems 


Describes the DICON 9000 Home 
Security System. This revolution- 
ary new product talks the minute 
you plug it in to guide you through 
set-up and subsequent opera- 
tion. Includes all the features of 
professionally installed home 
security systems. Automatically 
telephones friends, neighbors in 
an emergency or DICON's profes- 
sional monitoring station should 
you wish. “Do-it-yourself” in an 
hour or two and save 32 to 2/3 the 
price. $1.00 


Radio-Control Modeling... 
You build excitement! 


The hottest hobby is building and 
running your own radio-con- 
trolled model aircraft, car or boat! 
And everything you'll ever need 
can be found in the Tower Hob- 
bies catalog—the #1 catalog in 
R/C modeling. A giant 288-page 
reference with over 10,000 
products all at discount prices 
from the world's premier supplier 
of R/C models since 1971. Price 
$3.00. Includes coupon for 
$3.00 off your first mailed-in 
order. 


Rxpertence 
Res Dimensio 
im High ici 

Homing епо 


Amana Refrigeration Inc. 


This six-page color brochure 
highlights Amana's energy effi- 
cient Air Command 90.. Gas 
Furnace. The Air Command 90 
offers exceptional performance 
to deliver more heat to your home 
for fewer dollars. Learn how 
advanced technology and dura- 
ble construction make this 
furnace easy to maintain, quiet 
and long lasting. Free 


Kryptonite Locks for Bicycles, 
Motorcycles, Utility, 
Automobiles: 


Kryptonite, makers of the world's 
best known bicycle and motor- 
cycle locks, introduces its new 
security catalog, featuring new 
products, including the ultra- 
strong Kryptonite Car Lock, steel 
security cables for bikes and 
motorcycles, lock carrying brack- 
ets and special purpose U-locks. 
If your personal property is worth 
protecting, this is the catalog 
worth having. FREE. 


Get on the High Road... 


Dick Cepek is one of the world's 
leading suppliers of off-road tires 
and wheels for trucks and ATV's, 
lights, suspensions, winches, 
hitches, running boards, truck 
bars, grille guards, bumpers, 
videos, and many other accesso- 
ries. Included with your 1989 
Dick Cepek Catalog is a colorful 
embroidered Corduroy Cap and 
two decals. $9.00 


| ( 
ШІ 


A Woodworker's Guide to 
Machinery... 


This 24 page catalog includes 
pictures and descriptions of 
most any machinery you might 
be looking for. Table saws, 
lathes, drills, shapers, sanders, 
jointers and much more. In the 
past 12 years we have put 
together a fine quality selection 
of supplies and tools for every 
woodworker. Professionals, 
commercial, or just the home 
handyman will find something 
priced just for his need. Call for 
your free copy today. 
1-800-845-9356. 
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CATALOG SHOWCASE 


Car and Truck Care 


Do-It-Yourself 


U.S. Auto-Tech's FREE catalog Remote Control Car Alarms! 


features new and innovative 


items to help save money, extend Do S IT-YOURSELF The world's first remote control 1- 
the life of your car, van, or light REMOTE CONTROL wire-installation car alarms come 


in three models. Choose from 
basic protection or total protec- 
tion and convenience. Easy 2- 
step installation. Alarms mount 


truck and enhance its value. 
Renowned Slick-50 Friction 
Reducers, American made 
Lazer portable air compressors, 


Car ALARMS 


The World's First 1-Wire-Installation} 
Remote Control Car Alarms! 


Kolorkey—the only carnauba car 3 Easy-To-Install Models under-the-hood with 2 screws 
wax that comes in colors—Wolf ee yT then 1 wire attaches to the 

and classic accessories, and MODEL 550 domelight fuse with a clip. Model 
dozens of other innovations lead B. Сога дылы ы 750 offers eight add-on modular 
the list of quality offerings. Order MODEL 750 accessories for extra protection 


Remote Control Expandable Car Alarm 
2-Button Remote with Panic or Trunk Release 
and Flog in Modular Accessories 


and convenience. Send $1.00 for 
brochure today. 


your free full-color catalogue 
today! 


The Latest Audio and Video 


Equipment Home Wallsafe 
You'll find hundreds of compo- Free catalog on the Safe-N- 
nents from dozens of the top Sekure Wallsafe is available from 


brands in the latest Crutchfield 
catalog: Home audio, car stereo, 
alarm systems, video, tele- 
phones. Full-color photos, com- 
plete description and exclusive 


Se-Kure Controls, Inc. This 
unique design, which fits 
between the 2 x 4 wall studs, has 
arecessed combination lock and 
is ideal for temporary or overnight 


comparison charts give you the storage of valuables. Easy to 
information you need. Our dis- follow installation instructions 
count prices make Kenwood, with helpful security hints are 


Sony, Pioneer, Bose and other 
quality brands affordable. Send 
for your copy today. $1.00 


included. Se-Kure Controls, Inc., 
5685 N. Lincoln Ave., Chicago, IL 
60659 (312) 728-2435 


The Fireside Advisor 
Receive Coins by Mail! 


Coin collecting is the largest 
hobby in America. The hobby can 
be traced back 2000 years. To 
hold an old coin is a link with the 
past. Beauty, history, the need to 
collect, and the price of owning a 
finished collection. You will enjoy 
our offerings. Ask about our 
Monthly Approval Plan, so that 
you may view coins in the privacy 
Certificates, Buyer's Guide and of your own home with our no-risk 
Installation Planner. Just $4.00 program. Free. 


-———————— mm m um m  — m m m 9-9 FILL IN COUPON АМО MAIL TODAY =“ == == mm m m иш аш те m m ив иш m m m иш иш ии пиши 


POPULAR SCIENCE РО. Box 5131, Pittsfield, Mass. 01203-5131 THIS COUPON EXPIRES DECEMBER 31, 1989 


Note: Poruuan Science Massachusetts address is for Catalog Showcase only. 


New from Vermont Castings, 
maker of high quality fireplaces 
and stoves, comes THE FIRESIDE 
ADVISOR. This 120-page, 4-color, 
catalog is a complete guide 

toall fireplace products and 
accessories. Includes stoves and 
fireplaces from Vermont Cast- 
ings, Consolidated Dutchwest, 
Woodstock Soapstone and 
others. Comes with Discount 


COIN & SUPPLY 
CATALOG 


Please sendthe items checked below. | am enclosing $1 handling charge (any num- 
ber of items per coupon) plus amount required for priced items. Orders will not be ТАМ ENCLOSING 
processed unless accompanied by the $1 handling fee. Do not send cash. 


Пі $1 ns $9 mg $1 
02 $3 16 FREE 1110 FREE $. 1.00 e forhandling 


$ д . forpriced items 


3 FREE 7 FREE O11 $4 $__________TOTAL REMITTANCE 
04 FREE ns $4 [112 FREE 
Name (please print). 


Address. City & State. Zip. 


Please send check or money order made out to POPULAR SCIENCE 1 
No stamps or foreign currency. Allow approximately six weeks’ delivery. POPULAR SCIENCE OCTOBER 1989 % 


umm mm 


THAN 


Most Accurate Clock by 
Heathkit 


Discover the world’s most accurate 
time piece plus a large assortment of 
other electronic products in your 
FREE Heathkit Catalog. It's filled with 
both kit and ready-to-use home 
theater components, weather sta- 

tionsand amateur radio products, along with kit 
laptop computers and a wide variety of self-study courses for the novice or seasoned 
electronics enthusiast. Order your FREE Heathkit Catalog today. Time's a wasting! 


1-800-44-HEATH | nd to: Heath Company, Dept. 016 


(1-800-444-3284) 


Send to: Heath Company, Dept. 016-824 | 
Benton Harbor, Michigan 49022 


| Address | 


| сиу 
WORLD’S SMALLES | Д | 
WEATHER STATION 


| nane 


State Zip 
A subsidiary of Zenith Electronics Corporat 


THE AMAZING WEATHER COMPUTER THAT. 
YOU CAN HOLD IN THE PALM OF YOUR HAND. 
DIGITAR'S new WeatherPro weather station includes a 
computer, precision wind vane and speed sensor with 
mounting hardware, and 40 feet of cable. For only $179. 
With the optional, automatic-emptying Rain Collector 
($49.95) you can even monitor rainfall! 
ммо RAINFALL (Optional 
*WIND DIRECTION «TIME OF DAY 
*AUTO SCAN 
* METRICISTANDARD 
*NICAD READY 
*HILOW TEMP RECORD *ONE YEAR WARRANTY 
Add $5.00 for shipping, plus sales tax for Calforma deliveries. 
QUALITY ENGINEERING SINCE 1964 


DIGITAR 


3465 Diablo Avenue 

MADE IN U.S.A. Hayward, CA 94545 М/С & VISA 

ORDER TODAY: 1-800-678-3669, PS | 
М.Е? АМ:5:30 РМ Pacific Time. 

14-Day Money-Back Guarantee FAX: 1-415- 


WRITE OR CALL FOR FREE BROCHURE 
Beldes, Inc. Dept. PS, P.O. Box 2808, Westport CT 06880 
Toll free number: 1-800-456-8803 


732-9188 
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QUICK-WEDGE. 


Screw Holding Screwdriver 


Handy 
4 Pack Set 


Holds the screw, starts it too! No 
more fumbling with screws. Split- 
wedge blade in screw slot grips the 
screw. The other hand is free to hold 
fixture or part. 

HANDY 4-PACK with 3'', 4” and 6"" 
blades fit most size screws. 


— $14.95 + .75р. & h 


© 1989 by Kedman Company 


Name 
Address 
City/State/Zip 
Signature 
Visa/Master 
xpiration Date 


KEDMAN COMPANY 
РО Box 25667 
Salt Lake City, Utah 84125-0667 


NEW! All Band | 


PS1089 


* Covers 

Low, High, UHF, 
plus 800-950 MHz! 

Scans, Searches, 

and has priority. 

20 Channels. 

* Includes antennas and belt 
clip. Full range of accessories 


available. 
AR880 + No Frequencies cut out or 
Тош Price, Freight Prepaid | excluded. 


‘Express Shipping Optional)» 25 Day Satisfaction Guarantee. 
$ 1 99 00 _Filrefund ло satisfied. 
га * Size: 2 x5%"x 14" wt 1202. 
+ Uses 4 AAA batteries, not 
ded. 


COMMUNICATIONS 

10707 E. 106th St. Indpls., IN 46256 

amm Toll Free 800-445-7717 
Visa and MasterCard. 

з (COD slightly higher) s 

In Indiana 317-849-2570 Collect FAX (317) 849-8794 


aS : = = 


Shoppers’ 


Showcase | 


A selection of products and services for POPULAR SCIENCE 
readers available direct by mail. Enjoy the fun and con- 
venience of mail ordering shopping. Please order directly 


from the advertiser. For advertising rates for this sec- 
tion, write Advertising Sales, PoPuLAR Science, 2 Park 
Avenue, New York, N.Y. 10016 or call (212) 779-5000. 


MARK 16 


286-16 MHz AT 
COMPUTER WITH EGA | 
COLOR MONITOR 


Speed though your programs 
with the computer made for 
demanding work! 


* 16 MHz 80286 computer. 
* 1 MB RAM on motherboard 
(expandable to 4 MB). 
+147 EGA color monitor with EGA 
color adapter. 
+ 40 MB-38 milisecond hard drive. 
* Six 16-bit and two B-bit expansion 
slots. « 100% IBM compatible, 
+ 80287 math co-processor socket. 
extra half height disk drive cavities 
Centronics parallel printer port. 
+ 1 RS232C serial communication port. 
* 101 AT-style keyboard. 
+ Includes: MS DOS 3.21 & GW-BASIC 3.22. 
+ 200 watt power supply. * Dim.: 19.3" x 16.7" 6.3". 
* One Year Warranty! 


@sanace. SECURITY SYSTEM 
KEEPSAFER PLUS. 


Mfg. Sugg. Retail: 
$3,195.00 


$1499 


Item No. В-1397-126533 
Insured Ship/Hand.: $39.00 


* Advanced control console. 

+ When away from home, 
set exit &entry delay on 
selected entrances (up to 
40 seconds). Leave and 
return w/o sounding 
alam, “5 alarm modes 

* Handheld remote control. 

* 6 transmitters with batt 
6 sets о! sensors. 

* Back-up Power Supply Unit. 
Insures continuous operation 
up to 6 hours if power supply 
fails. Recharges automatically 
when AC power is on. 

+ Easy installation. 

, Main unit dim.: 13"W. x 8'L х 


Retail: 54: 95 


DAMARK PRICE 


+$ 198 


edere iter 


Mitsubishi Electric. 


+ Model 4: У5-МӘЗОШЛ 


MUST 
LIQUIDATE 


DIGITAL VCR with HQ 
HIFI MTS Stereo 


* Dim.: Approx.15.2" x 3.6" x 14.3" $499 
UM. 


Factory serviced, but like new! am No. B-1397-119842 


PUBLIC NOTICE: 
Due to a variety of reasons, (overproductions, dis- 
continued lines, Etc...) manufacturers & distributors 
get STUCK with inventories that must be liquidated. 
DAMARK walks in, lays down cash, and takes the 
entire inventory. This is how we can offer you 
products at UNBELIEVABLE SAVINGS! Just 
LOOK at the values below and order today - 
QUANTITIES ARE LIMITED! 


AT HUGE 
SAVINGS! 


OBSERVATION SYSTEM 

+ High resolution video camera with 16mm 
lens & holder. 

+ 9" black & white high resolution monitor. 

* Capable of hooking up to 5 cameras. 

+ Full Warranty! + Factory New & Perfect! 


VIDEO MIXER 


For 2 cameras on one split screen. 
Mig. Sugg. Retail: $129.95 


DAMARKŞ 

Pace: * 49 
Tem No, 83972519 
Insured Ship/Hand.: $9.50 

ADDTL CAMERAS 

Each camera comes with holder, 60" of cable 

& must be hooked to auto selector. 


Mig. Sugg. Retail: $333.97 


DAMARK $ 1 69 


PRICE: 
Пет No. 8-1397-125147 
Insured Ship/Hand.: $14.50 


Mfg. Sugg. Retail: DAMARK 

Sense ARA S 1 99 
per 
Insured Ship/Hand.: $17.50 


4-CHANNEL AUTO SELECTOR 
Provides access to each camera with a 
push of a button and/or instantaneous 
visual with 1/25 second variable time 


interval. Mig. Sugg. Retail: $279.99 


$79 


1397-125121 
Insured Ship/Hand.: $11.50 


“PRODUCER II” 
FILM-TO-VIDEO 
TRANSFER SYSTEM 


+ Film-to- 
video 
transfer 
with built-in 
‘macro lens. 

* Transfers 


* 6 head system—4 head video for digital special effects 
82 audio heads. > 167 channel cable ready. 

+ Digital video noise reduction for improved picture quality 

+ Full universal remote with on-screen programming, 
LCD display & 74 operations. « 6 even! year timer. 

+ FS tuner. * Quick start system. • Real time counter. 

*99 presets. « Quick index search &scan. — ,. 

+ Special effects include: still 
variable, slow-motion, frame 
advance & live TV freeze. 


«Mado n Japan oy Ака sion LIES 


macro lens & cap lets you use any type video camera. 
+ Eliminates ambient light problems. 
wo adjustable stands for the Producer Il and your 
camcorder. + Includes: Color titling Кі. 
* Save tapes for years to come! Mfg. Sugg. 


Retail: $169.95 


Mfg. Sugg. 
Retail: $899.00 . 
* Sturdy table pod included. 
* High resolution mini-scre 
* Model #: СУ-20. 

* 60 Day Warranty! 


Ш. 
Insured Ship/Hand.: $9.00 


PLEASE 


ADDRESS. 
CITY 
PHONE, 


STATES OMY 


SEND ME: 


ш FOR FASTEST SERVICE 
CALL TOLL FREE 


ш 
m 1-800-729-9000 


Wl ГІСНЕСК/М.О. VISA 


SUB TOTAL 
ONLY $3.95 plus normal 
рел he уч MN add 6% Sales Тах 


your operator! 


Total Б/Н 
GRAND TOTAL 


[Г] MASTERCARD ГЦ DISCOVER CARD NO. 


В-1397 
= Send To: DAMARK INTERNATIONAL, INC., 6707 Shingle Creek Parkway, Minneapolis, MN 55430 = " 


EXP. DATE cust. Service: 1-612-566-4940 
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News For Truck Owners... 
California Scientist 
Develops New Safety 
Product for Trucks 


Head and Neck Injuries Reduced 
With Unique Air-Filled Headrest 


(Special) A California scientist has just com- 
pleted a study which shows that truck 
owners risk their necks every time they get 
behind the wheel. Gregory Winters began 
research on small truck safety, uncovering 
government reports confirming that owners 
of trucks without headrests are at much 
greater risk of head and neck injuries. 


TV news anchorwoman Connie Chung 
recently reported that “pick-up trucks with- 
out head restraints can be more dangerous 
than cars . . . in rear end collisions, heads 
can be whipped back violently . . .” which 
has proven lethal at speeds as low as 5 mph. 


This potentially life saving invention is a 
unique air-filled headrest, aptly named 
AIRHEAD?. Designed for light trucks, 
AIRHEAD? attaches to the rear cab win- 
dow with Velcro® and comes in crystal clear 
colors, allowing full visibility, while providing 
protection against head or neck injuries. 


AIRHEAD? is very comfortable in heavy 
traffic or on a long trip. And even rough off 
road driving is smoother and safer. You can 
lean back and relax on a cushion of air which 
doubles as a removable cushion for travel, 
the beach or camping. 


AIRHEAD? headrests are not sold in 
stores, but are available with a 30-day 
money-back guarantee for only $10 each or 
$16 a pair, (plus $1 shipping & handling). 
For a limited time the cassette “How 
to Professionally Detail Your Own 
Truck; a $10 value, is being offered 
absolutely FREE with all orders placed 
before 11/30/89. Please specify trans- 
parent color: Clear, Smoke or Fluorescents 
in Hot Pink, Orange or Green. Credit cards 
are accepted and you can reach the manu- 
facturer by calling 1 (800) SEND-AIR or 
send check or money order to: COMMON- 
SENSE, P.O. Box 2497, Dept. P10 
Chino, CA 91708. California residents 
add 696 tax. Patent pending. 
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Looks just like an ordinary shoe, 
except hidden inside is an innermold 
which increases your height almost 
two inches. Choose from a wide 
selection of ELEVATORS® including 
dress shoes, boots, sport shoes and 
casuals. Satisfaction guaranteed. 
Exceptionally comfortable. Call or 
write today for your FREE color 
catalog so you can look taller in no 
time. “MD. RESID. CALL 301-663-5111" 


TOLL FREE 1-800-343-3810 


ELEVATORS Û 
RICHLEE SHOE COMPANY, DEPT. PS 90 
P.O. Box 3566, Frederick, MD 21701 


Increases Heat Output by 500% 

* Custom Built to t 
fit any Fireplace 

* Easy to install. 

* Thermosti Hy No extras to buy. 
controlled, works | * No dangerous 
automatically. Creosote Buildup 

And best of all you can enjoy your fireplace 

while saving on your heating bills because 

with Hearth-Aid II" you don't need to 
sacrifice your fireplace's appearance or the 
delight of an open fire to be energy efficient. 

Works with: Wood, Coal, or Gas Logs. 

For Free Information, Write or Call: 
Fireplace Hearth Aid 
106 Reynolds Drive, Franklin, TN 37064 

Nationwide Toll Free: 1-800-742-4328 

oPs 1-615-790-1609 


BREAK AWAY 


Earn up to $75,000 
а Year in Windshield 
and Plate Glass Repair! 


* Big profits — good times or bad! 
* Huge demand and growing! 
* Part-time or full time. 
reat opportunity for men or women! 
* Insurance companies, fleet owners 

pay top dollar regularly! 
* Quick-learn, professional training. 
* Free, on-going support/low-cost start-up. 
Break away to a professional, 
respected business and BIG INCOME! 


Call toll-free e 
1-800-321-2597 (US and (ERR Rm 
Canada) to order your VIDEO (САН 
and FREE report. Or write: (020222 


slasMeld Systems, inc. 
Advanced Technology in Glass Repair 
20578 Empire Bivd., Dept. C 

Send, OR 97701 


с 


SINGERS! 
REMOVE VOCALS 
FROM RECORDS AND CDs! 


SING WITH THE WORLD'S BEST BANDS! 
An Unlimited supply of Backgrounds from standard 
stereo records! Record with your voice or perform 
with the backgrounds. Used in Professional Performa 
yet connects easily to a home component stereo, This 
unique product is manufactured and sold Exclusively by 
LT Sound - Not sold through dealers. Call or write for a 
Free Brochure and Demo Record. 
LT Sound, Dept.PS-3,7980 LT Parkway 
Lithonia, GA 30058 (404) 482-4724 
Manufactured and Sold D Line: 404/402 Sound 


24 HOUR PHONE DEMO LINE: (4i 82-2485 
FACTORY- 9 
ASSEMBLED 


£ 7 - 
Buy your 


MAGNATRAC. = 
FACTORY- £ 
ASSEMBLED 2 
or in KIT form! 4 


Use it to build a road or landsca 


your home; Excavate for 
a basement, pool or patio: Haul logs, clear trees and brush. 
and Do It All Yourse k for others for Extra Cash! 
€ CATALOG of uses and attachments $1.00 
€ TECHNICAL MANUAL of construction details .. $7.00 
STRUCK-KIT * Box 307 « Dept: 
CEDARBURG. WISCONSIN 53012 


At Last A 
Cap Organizer! 


Now you can solve the problem of cap overload with our 
new Cap Rack. Put an end to caps falling off overloaded 
hooks and ending up on your floor! Simply order these 
easy-to-install Cap Racks and you will solve the problem of 
"Where do | put all of these caps?" Easy to use — simp- 
ly fold in the back of the cap and snap each cap into the 
patented clip. Hang one for everyday use, and order several 
for your cap collection. Great gift idea 


Set of two 5-сіатр Cap Racks 
(each 18" long) $11.95 + $2.45 shpa. 
Single 10-clamp Cap Rack 
(36^ long) $11.50 + $2.45 shpg 
Send Check or MO. 20 day money back guarantee. 
Dept. Ps-1089, 1118 W. Lake 
HOLST, Inc. вох 370, Tawas City, MI 48764 


жж + + k PRESENTING + o 


CABLE TV 
EQUIPMENT 


ж жж KK STARRING. c 


, HAMLIN, 
AND OTHER FAMOUS MANUFACTURERS 


+ FINEST WARRANTY PROGRAM AVAILABLE 
* LOWEST RETAIL/ WHOLESALE PRICES IN US. 
* ORDERS SHIPPED FROM STOCK WITHIN 24 HOURS 


FOR FREE CATALOG ONLY 1-800-345-8927 
FOR ALL INFORMATION 1-818-716-5914. 


PACIFIC CABLE CO. INC. 


MOLDS «йрн» 


for making Ornamental 
Concrete Items 


Book about Aluminum Molds 
including over 425 designs, 
prices and production trade 
secrets from the world's 
largest mold manufacturer. 


CONCRETE MACHINERY CO., INC. 
Box S99, Hickory, NC 28603 


1500 sq.ft. home plans 8 fully engineered 
connecting hardware—$1650. Complete pre- 
cut kits and a variety of floorplans available. 
Attractive, easy-to-assemble, eneray-efficient 
New 40-page color catalog & more— $8. 


Ам TIMBERLINE GEODESICS 
2015 Blake St., Berkeley, CA 94704 (415) 849-4481 


NOW! Get in on the 
PROFITS in ( 


ТЕЛДЕ 


Work part time, full time 
right at home—we help 
you every step of the way. 


No doubt about й... as a small en pee pro, you can cash 
in on the huge demand for Qualified men in one of Amer- 
ica's fastest growing industries. You'll be able to command 
top hourly rates of from $25.00 to $30.00 per hour — and 
that's just for labor. A simple tune-up earns as much as 
$49.95 for less than an hours work, and parts, engines 
and accessories will add even more to the profits. 
Plenty of business waiting for qualified men. 


65,000,000 Small Engines Are In Use Today! 
That's the official count from the Engine Service Assn., 
and one-million new engines are being built each month. 
With fully accredited Foley-Belsaw training. you can soon 
have the skills and knowledge to make top money ser- 
vicing these engines. People will seek you out and pay 
you well to service their lawnmowers. tillers, 600615 
power rakes, garden tractors. chain saws, minibikes. 
snowmobiles. generators, go-carts. paint sprayers. 
snowblowers . . . the list is almost endless 


Protessional Tools and Equipment, PLUS 4 H.P. Engine 
ALL YOURS TO KEEP. . . All at No Extra Cost. 
NO EXPERIENCE NECESSARY! 

You don't need to be a "Dom mechanic’ or have any prior 
experience. You can master this profitable trade right at home 
іп your sparetime. Lessons are fully illustrated. ..So clear you 
Cant go wrong. and with our famous ‘learn-by-doing method 
you get practical "hands-on experience. We also Show you 
how to p business, what to charge, where to get supplies 
wholesale...all the inside tricks of the trade you need to 
assure success right from the start 


Send for FREE Facts — Do It TODAY! 
NO Obligation - NO Salesman Calls! 
You risk nothing by accepting this offer to see how 
easily vou can learn the skills vou need to increase 
your income ina high-profit business of your own. 
p id in oa | тай coupon below (or send postcard 
name address) to receive ü ic 
5 sien ) full information 


RUSH COUPON TODAY 
Foley-Belsaw Institute 
6301 Equitable Rd. 


y FOLEY-BELSAW INSTITUTE 
! Kansas ТЫ 


[C YES, please send me the FREE booklet that Фе 
7 full details about starting ту own business in Small M 
Engine Repair. | understand there is No Obligation and i 


g that No Salesman will call on me. 1 
ВНАМЕ ——— | 
1 L| 
ADDRESS. — 
1 L| 
1 
I 
J 


BE YOUR OWN 
BOSS... BE A 
LOCKSMITH 


There is a difference in 
locksmithing training and 
the difference is NRI 


Only NRI gives you such complete train- 
ing, so much real bench experience, and the 
confidence and all the tools you will need to 
earn cash money fast. 

A well-trained locksmith earns money in 
many different ways—installing locks in apart- 
ments; homes; businesses, and automobiles, 
fixing broken locks, cutting new keys. 


The Newest, Most Advanced 
Course of Its Kind 


Thorough step-by-step lessons and profes- 
sional locksmithing equipment such as the 
Taylor KD5 Key Machine give you hands-on ex- 
perience in this exciting growth field. You'll start. 
earning huge cash profits of 800% to 900% 
duplicating keys. And only NRI offers you an 
Electronic Security Alarm training system. 

Compare! NRI offers the only course that 
is nationally approved by the Accrediting Com- 
mission of the National Home Study Council. 

All the money-making secrets of a lock- 
smithing trade will become yours with your 
NRI training. 

Plus, only NRI gives you training in both 
locksmithing and electronics security systems in 
one complete course. 


Start Your Own Business, Full or 
Part-Time, Even From Your Home 
Add to your income with part-time work 
with established locksmiths. . .start your own 
part-time or retirement business in your own 
home. . .make locksmithing and security a 


full-time career as a skilled technician in your 
own growing business. There is opportunity 
everywhere! 


IE. 


| McGraw-Hill Continuing Education ен І 
{Mot Comer Ae AW, Washington, DC 20008 ЕЛІН | 

cE a | 

| | 
су state z 


“re | 
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Train at Home for One of the Hottest Careers of the 1990 s! 


ВЕ A PERSONAL Б 
COMPUTER 
SPECIALIST 


LET ICS SHOW 
YOU HOW 
STEP-BY-STEP 


NOW! Be the one “in the know” 


when it comes to using today’s personal 


ERE А 
8 Al ATA а 

BASE APPLICATIONS, TELECOM- 1 ty 1 925 Oak Street, Scranton, РА 18515 | 

MUNICATIONS, COMPUTER OPER- COMPUTER-BASED TRAINING | YES! Ruch me free facts, full information 

ATIONS, all the important business MEANS YOU LEARN ON THE COMPUTER! on how I can train at home in my spare time 


applications. Be ready in less than a year 
to move up in your present job, move on 
to a bright new career, even start your 


own business. 


HOME STUDY IS THE 
CONVENIENT WAY TO TRAIN 


No need to quit your present job while 
you train for a better one. No need to 
chan; суш lifestyle or rearrange your 

le. Study when and where it 
suits you best. And you set your own 
pace: ake as long as two years, if you 
ike! 


schedu 


ШШШШШІ 


Forget everything you ever thought 
about ordinary home-study programs. 
This revolutionary new course trains 
you on the computer to use the 
computer—gets you “up to speed” fast! 
You'll automatically be more valuable on 
the job when you have the knowledge— 
the skills—to use PCs to save time and 
money. And as a Personal Computer 
Specialist you'll be a trained profes- 
sional—respected by your peers and 
confident that you have what it takes to 


TRAINING THAT'S COMPLETE—RIGHT 
DOWN TO THE COMPUTER—FROM THE 
WORLD'S LEADING HOME-STUDY SCHOOL 
Everything you need to complete your 
training is included—and sent right to 
your home. There are no classes to 
attend. And you get the computer 
shown here as part of your training. 
Your system includes a 512K RAM IBM- 
compatible personal computer with 
floppy disk drive, 13-inch monitor, 
graphics capabilities and more. 


STEP OUT OF THE CROWD! BE A 2 
PERSONAL COMPUTER SPECIALIST! 2 
GET FREE FACTS, FULL INFORMATION 


Now! 


NO 
PREVIOUS 
COMPUTER 
EXPERIENCE 
NEEDED! 
IBM-compatible 
computer 
included with 
your training 


WITH NO OBLIGATION. 
MAIL COUPON TODAY! 


| 9 Become a Personal Computer Specialist. 1 | 
understand there is no obligation and по 
| salesman will visit me. 


| ADDRESS. 


DESCRAMBLERS 


ZENITH SUPER 


COPY GUARD $59.95 
STARGATE... $99.00 
$185.00 


|MANY MORE... CALL OR WRITE FOR 
|FREE FAST INFORMATION. 

YOUR BEST BUY'S & WARRANTIES 
FOR CABLE CONVERTERS AND 
DESCRAMBLERS START WITH А 
FREE CATALOG FROM: 


ORDERS AND CATALOGS CALL 
TOLL FREE 
1-800-624-1150 
ES сор 22! 


"R A029594- PLEASE CALL 


2)554-0417 


succeed. 
— ——Zz— — | TRUMARK ° :: 
Classified == у— ЫА 
Фф 
CABLE ТУ Меку Ес 


NO COD. [FORDON оюн ADD 55.00 OR AR MA) 


TRUMARK SUNGSHOTS: 


STOP JAMMIMG ME 
If you rent vidco tapes they're 
jamming you too. 


nteed eliminates all copy protection} 
*Completely automatic no adjustments. 
*Digital state of the art. 
* Works оп all TV's, VCR's, Beta, Cable. 


EE Order toll free 


1-800-624-1150 


or write for your free catalog 
* 402-554-0383 
Everquest Corp. 875 So.72nd 
Omaha, Ne. 68114 


MISCELLANEO! 


GOLD, Silver, Platinum containing scrap 
& Mercury. Free quotes & sample evalua- 
tion. PMRSD: 1-800-932-1010, Box 191, 
Norwood, MA 02062, 


EXERCISE FOR PC USERS! FREE bro- 
chure. REI Co., PO. 603, Pinole CA 94564. 


ST. HELENS, WASHINGTON. Sample 
$5.00, Illustrated Photograph, Unique 
Product List. Dealers Welcome Northcoast 


AEROJET WIPERS 
Systems, 1701 Broadway, Suite 236, Van- THE WIPER OF THE Fi 
couver, WA 98663. 


FINALLY! Unique, proven way to achieve 
financial security, power, greater life enjoy- 
ment. Order “Magic of Thmking Big” now! 
$3 + 50 p&h. Carroll's Corner, 9728 Third 
Avenue, Dept. PS10, Brooklyn, NY 11209. 


$15.90 PAIR * ONE $7.95 
AEROJET WIPER CORP. 
Р. О. BOX 2452 
Huntington Beach, CA 92648 
TOLL FREE 
1-800-423-6689 
IN CALIFORNIA: 714-848-5151 


VISA® M/C * AMEX • MONEY ORDERS 
*NOCOD. 


AUTO SUPPLIES & EQUIP. 


Enn ты esum 
EMPLOYMENT INFORMATION 


EASY Work! Excellent Pay! Assembl| 
есе тоо raig, ca products at home. For info. СаП-504 


sxe 1972 641-8003 Ext. А-8068. 
ENGINE OVERHAUL KITS: Wholesale | GOVERNMENT JOBS 516,040 | 

Catalog $2.00. Engine Service Group, Dept. | 59 .230/yr. Now Hiring. Call (1) 80: 

PS, Box 13053. Lansing, МІ 48901. | 687-6000 Ext. R-20025 for current Feder 
SLICK 50 FOR LESS. S3uBEAT any. | “t 


ONE. ENERGY RELEASE, AMSOIL. 1-800- 
537-7932 (СА (408)-28-SLICK). B&J SPE- 
CIALTIES, Box 77! J A 9: 


OVERSEAS... $25,000 - $75,000... Fı 
Report! Employment, Box 19760-FV, Indi 
anapolis, IN 46219. 


GREAT Income! Easy Work Assemblii 


U.S. AUTO-TECH, 1-800-227-5425. 
CATALOGUE: Products At Home. (501) 821-4999 Ext, 1: 
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үт 4.4 million readers every month with an ad in Popular Sciences 
Classified Opportunity Mart. December Issue Deadline (on sale No- 
~ vember 14) is September 28. Rates: $9.80 per word. Min. ad 10 
words. Darker type (Bold) words $1.00 per word extra. Display Clas- 
— $ified: $545 per inch. Payment with order, or charge your Visa, MC, 


Amer. Exp., or Diners Club Account "pem # & exp.) Advertisers using box 
number in ad must furnish name & street address for our records. 
Send order & remittance payable to POPULAR SCIENCE, Classified 
Dept. 6C, 2 Park Avenue, New York, NY 10016, 212-779-5000. For 
advertising information call 800-445-2714. 


A 


Dorothy Ellis, Classified Advertising 


” EMPLOYMENT INFO. (Сото 


4 JOBS, Any State, Any Occupation, 
cluding Government, State, Public. Also 
Cruiseships, Tugs, Ships, Riverboats, Oil- 

"^ figs. Women-Men. Work month- Home 
month. U.S.A. plus Overseas. Information 
$5.00. Nationwide Employment, B223PS, 
"Central, Indiana 4711 


HOME assembly. Electronics, automo- 
— xive, crafts, typing, sewing. Apply Now! 
(213) 281-8111. 


— EARN Up To $339.84 Per Week Assem- 

bling Our Products At Home. Amazing 

orded Message Reveals Details. GUAR- 

= Call TODAY. 516-336-6132, De- 
partment 411. 


% EXCELLENT Income. Home Assembly 
Work. Creative Crafts, Electronic Assem- 
bly, Wooden Novelties. 504-646-2335 

#F103. 


Ext# PS101. Call today 
bag a AUTOMOBILES 
VAPOR Carburetor Triples MPG. Free 
“Information. H&A, R2PS, Bowling Green, 
10 63334. 


У эз It True You Can Buy Jeeps for $44 
through the US, government? Get the facts 
742-1142 Ext. 4606. 


GOVERNMENT SEIZED Vehicles from 
$100. Fords, Mercedes. Corvettes. Chevys. 
Surplus. Buyers Guide, (1) 805-687-6000 
Ext, 8-20025. 


DRUG RAID SEIZURES! Buy Dirt 
Cheap. Mercedes, Fords, Porsches, Vans, 
p Trucks: Free Details: Seizures: Box 4309- 
ХА, West Covi 91791 


‘ALTERNATOR: Rebuil g 
зво Price: Hedelund Engineering, Bos 
26044, Las Vegas, NV 89126. 


BUILD A BIKECAR ү. 
7 


5РОВТВАН CO. 
РО. Box 70715, 
Endicott, NY 13780. 


MORE Camerae ad Faster! Send to: J. BENDITT CO. 
‘Steg by дер (шем Pues! РО ax SAN + аметин. PA 18047 


4') CARBURETOR ENHANCER. Can double 
aulleage, retain fall power lite oll ARE 
tors, satisfaction guaranteed. Eagle 

+ Research, (604) 426-7229. 


GOVERNMENT Betow 
М SEIZED PROPERTY ER 
LITTLE-KNOWN SECRET REVEALED! 

Trek вона vans Fu 


PLATINUM GASAVER—Granted by US. | 
Gov't Economically 22-40 percent efficient. 
Gasaver. PO. Box 2731, Fairfax, VA 22031. 
INCREDIBLE BARGAINS! Buy Govern- 
ment Seized Surplus! ... BMW's, Mercedes, | 
Porsches, Cadillacs, Lincolns, Boats, 
‘Trucks, Vans, Misc... from $100.00. Amaz- 
Ing recorded message reveals details. 
(602) 721-2997 Ext. 3207. 


CLASSIC CARS 


VAR 
2 
4, 
o 


Hemmings ¥ 
Motor New 


Hemmings Motor News 
POX 109. DEPT. YAT”. BENNINGTON VT 05201 


CLASSIC CARSET 6 


1912 Rolls Royce | 
3 1907 Peugeot | 


1910 Т Ғога 
ғы ањ та pd 1901 Fiat 


1914 Pince Henry | 
1912 Simplex | 
Expertly Crafted & Handpainted in 
Cast Metal & High Impact Plastic. 
2v2" long. $11.35. 
M+N GIFTS 
779 Newark Ave. | 
Jersey City, N. 3 


BATTERY MASTER SWITCH | 


Patent Pending 


Can fit post, 
tug or Jide ier- 
minal batteries 


Disconnects all electrical circuits with 

a simple turn of the knob. Attaches | 
to battery in minutes. Heavy duty. 
Suitable for 12 or 24 volt batteries. 
Eliminates battery drain, prevents | 
electrical fires, provides emergency 
cut-off. 

Remove knob to stop theft and un- 
authorized operation. 


$12.95 each postpaid 
Add $1 for side post adapter 
BATHURST, INC. 
Box 27-PS, Tyrone, PA 16686 | 
814-684-2603 


Quantity discounts—12 units or more. | 
HOME CRAFTSMAN. | 


WOODWORKERS! Plans For Beautiful 
Wooden Geared Clock. $8.00. Brochure 
$1.00. Bob Meyer. Elgin, MN 55932. 


МАКЕ TOYS, whirligigs, door 


| harps, dollhouses, clocks, music boxes, 


weather instruments, crafts, furniture with 
our plans, parts, kits, suj plies Catalog 
$1.00—614) 4844363. Cherry Tree Toys, 
Belmont. 


lans, 


CLOCK movemen сан 


epoxy, foil and art prints, door harp sup- 
plies, shaker pegs, touch tones, Bible clocks, 

transfer art, stencils-over 1200 
items! Wholesale catalog $3.00 (credited) 
Steebar, P.O. Box 463-S, Andover, NJ 
07821-4 


NEW! BUILD AMAZING LIQUID PIS- 
TON ENGINE from pipe pe ating Easy 
Ery Free information. ABCO, Box 306- 

inary, MS 39479. 


Turn off the lights... 


TURN ON + 


the STARS 
* 


Now, bring the magic of the 
night sky right into your home! 
NIGHT SKY STAR STENCIL 
transforms any ceiling into a 
celestial celebration . . . with 
each star in the right place at 
true brightness. Fun and easy 
to put up (1-2 hrs), NIGHT SKY 
includes luminous, non-toxic 
paint, brush, stencil. Featured 
in Popular Science, L.A. Times, 
and The New Yorker. 
1-800-999-3433 
URSA MAJOR, Box 3368-01, Ashland, 
OR 97520. Specity Summer/Winter, 8' 
($28) оғ 12 ($33). ppd. Includes Star & 
Constellation Map. 


MENT SHY 


KITES 


rKITES 


1 FREE COLOR CATALOG 8 
Choose hom over 100 kites. 
Many unusual & innovative designs. 
Call or wne for your catalog today! 
1 into The Wind- (303) 449-5356 І 
Lemons Boulder, CO 80302 
жын — 


AVIATION. 


HOBBY HELICOPTER. Ultralight single 
seater. Simplified construction— aoe 
engine. Brochure $5.00. POLYNOVA, D. 

PR Saint Remi, Quebec, Canada JOL 2L0 


You Own HELICOPTER 


SIMPLE, LOW- COST ASSEMBLY 


Helicopter 
очу зи 


Г зял 


| вов Books: Oniy $19.951 


xperimenter's 


ЕРКЕСІ 


BACKPACK HELICOPTER Information 
$5.00. Flight Video $20.00. Plans Available. 
Robin Rotors, Box 187, Rapid City, MI 
49676. 


молари ILE Ri 

TURNS! World's Best. Hi-Tech Designs. 
Free, Illustrated Catalog. Amasingi 
BoomerangMan, 1806-2 N. 3rd, Monroe, 
LA 71201-41222. 


BOOMERANGS. 


*TAKEOFF & LAND ANYWHERE* 
CRUISE AT 140-150 М.Р.Н. 


LEARN MORE ABOUT THIS REMARKABLE 
NEW KIND OF HELICOPTER! 


FOR HELICOPTERS, 
PLANES & GLIDERS 
* PLANS • KITS 
COMPLETED JETS 
G8-2 PRESSURE JET 
“JET POWER" COLOR VIDEO (VHS) 29.95 
130-LB. THRUST JET BLUEPRINTS. . 25.00| 
20-LB. THRUST JET BLUEPRINTS... . 15.00 
$12.00 - Complete Information Package 
Plus 60-Page Technical Handbook 


EMG ENGINEERING 


P.0. BOX 1368-G Hesperia, CA 92345 


FLY Your Own JET 


"BUILD FOR $6,000.00 


JET HAWK 


Into kit 42050 


9913 NE. Banton Ave. 
Vancouver WA 98686. 


т" pel 


KIT 


You Can Build for ы 5, In^. 


уел Таке! and Landing 
Hover Fight/No License Required 
INFORMATION PACK $5.00, 


eater specs proton. prim 


[8] BW ROTOR CO, INC. Towanda 52714 
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А эсепсе engineering breakthrough A set o unique 


dog-sound makers t 


condition dogs incredibly 


fast. Small. Used from the palm of the hand. Near 
hypnotic control, even а! a distance. No leash 
b 


dog 

Sater, Kind. Yet, more powertul Dog 
in, makes them want 

Toyaliyvonding. Same 

һе Dr. Miller patents) 


an 
(калай ol sisted aa IO & foreign lands: 
From $25 to $175 7 EE catalog 


DOG-MASTER SYSTEMS 
4109 Wilshire, Box 1250, Agoura Hills, CA 91301 
А Division of Environmental Resear Copyright ©1983 


ALTERNATE ENERGY 


FREE HYDROGEN FUEL and Ox: 
Generator uses Water and Solar Celis. 
Plans and Kit $12.00, Prairie Power, Box 
8291, Edmonton, Alberta, T6H OLO, 
Canada. 


* 


current data include 
or Money Order to: 
293012, Nashville, 


SOLAR CELLS 


I you want Solar Electricity at the Very Best 
Prices,send$2(Retundable)forourcatalog 
of New & Surplus Solar 
cells, inverters, controllers, books. 
related technology for independent power 
APPLIEDPHOTOVOLTAICS 
Box 2773, Staunton, УА24401 
"Bringing thecostofSolarElectricity down 
toearth ^ 


INCONVENTIONAL any 


200 
TECHNOLOGIES! A 


MAZIN 
$2: REXCO, Вох r 


BASE CATALOG! 
BERKELEY, CAL 94701 


FREE ENERGY! Fuel-less Motors and 
Generators! H&A, R2EPS, Bowling Green, 
MO 63334. 


VACUUM 25 Hg Readily available ui 
ited inexpensive source $5.00. 
Palmview Ct, Tampa, FL 33625. 


SOLAR ELECTRIC SYSTEMS, Com- 


esting Toilets. WINDPOWER, Route 1P, 


Коп, 66436. 


ENERGY, TESLA COILS, ANTIGRAVITY, 
UFO'S, PARANORMAL PHENOMENA Ín- 
formation package-$5.00- HEER, РО. Box 
5286, Springfiel 


COLD FUSION Complete details of re- 
cent successful experiments; Diagrams and 


VA 22150. 


Experimenter's Guide-Material sources and 
Send $9.95 Check 

YNTRONICS, Вох 
'N 37229. 


ASTRONAUTICS 
SPACE/TIME CONTROL TECHNOL- 


OGY! AMAZING DATABASE CATALOG! 
$2: REXCO, BOX 1258, BERKELEY, CAL 
94701 


PLANETARIUM 
YOUR POCKET 


The COSMIC" is a portable, hand- 
held, easy-to-use star guide in a scope- 
like shape. A microfiche star map 
shows and labels all the stars above. 
Instant adjustments for date, time and 
latitudes. 525» $1.50 S&H. 
SARUT, 107 Horatio St., NYC, NY 10014 All? 
Call: 800 345 6404 * VISA & MC 
Write for catalog. 


BUILD YOUR OWN 
ROCKET MOTORSI 


* 40 POUNDS THRUST 
* FIFTY CENTS EACH! 
* BUILD A DOZEN IN 


BUY ONE AND WE'LL MAKE 
YOU AN EXCLUSIVE DEALER 


6 wheel drive AI V 


Cal Toll Free 1-800-255-2511 
NY and Alaska 716-855-2226 Collect 
Canada Toll-Free 1-800-338-0012 
Recreatives Industries, Inc. 

60 Depot Street, Buffalo, NY 14206 


DO IT YOURSELF 


PICKS UP A WHISPER 50 FEET AWAY 
The model WAT-50 miniature FM transmitter 
uses a 4-stage circuit NOT to be confused with 
а simple wireless microphone. Simply snap the 
unit on top of a 9V battery and you can hear 
every sound in an entire house up to 1 mile 
away! Use with any FM radio. Tunes to any 
frequency from 70mhz— 130mhz. Easy to as- 
semble kit includes all parts and instructions. 
Only $29.99 tax incl. 

Call or send МО, VISA, MC for immediate de- 


U.S. Mail. COD add $4.00. Personal checks 
allow 21 days. 


DECO INDUSTRIES 
BOX 607 
BEDFORD HILLS, NY 10507 


рор CATALOGS listed. Sources For 
$5.95 Catalogs. Box 92452X, At- 


DETECTION 
Plans, Kits, Assembled Devices 
High-Tech catalog $5. Detection Systems, 
2515 E. Thomas, #16-864A, Phoenix, Ari- 
zona 85016. 


Ray 
100—3 Tesia Col Pans to 15 МЕУ 25.00 
+ 1062—ion Ray Gun 10.00 
+ GRAI Gravity Generator 10.00 
„ВМ Becro Magnet Coi Gun/ Launcher 800 
KITS With Ай Necessary Pans 
+ METSK—FM Voice Transmitter 3 mi Range... 5950 
+ IPM Transmitter 3 mi. 4950 
+ STC. Vot 0-7 Sm Bsa Col 299 
ZK— тшде 4% 
TALS 100.000 wat Boster EE 
1Х0 Neto on (2 EET 
+ PSPAK— Time Variant Shock Wave Pistol... 5850 
“SAN A Ne New Space Age Асе 
Раста Saber 59.50 
+ PGSK— Plasma Lighting Giobe Kit 4950 
+ SOSK—See in The Dark Viewer Kt. 19950 
ASSEMBLED With Al Necessary Instructions 
TC10—50,000 Volt Word's Smallest 
Lum 
21541 MN ee ie Red Laser Gun E] 
* TAT30— Auto. Recording Device . 2450 


+ ITM10—100.000 Volt 20° Affective Range 


Intimidator 950 
+ LISTIO— Snooper Phone іпіліу Yansmider. 169.50 
+ IPG70—Invisible Рап Feld Generator 

Multi Mode. 7450 


* Catalog Containing descriptions of above plus 
hundreds more available or $1 00 or included ree 
with all above orders. 


Please include $3.00 PH on ай kits and products plans 
are postage paid. Send check, MO. VISA, MC in US 


INFORMATION UNLIMITED 
P.0. BOX 716 DEPT. PB. AMHERST, NH 03031 


SAVING PRODUCTS CATALOG! 60 pages. 
Order from one expert source. America's 
largest energy saving mail order house! 
$1.00 postpaid. Solar Components Cor- 
poration, Dept. PS, 121 Valley St., Man- 
chester, NH 03103. 


Corp. PO 
PEST bourne, FL 30902 200% OK. 


INFORMATION 
BASE CATALOG! $2: REXCO, БОХ 1258, 1258, 
BERKELEY, CAL 94701 


'SURVEILLANCE-COUNTERSURVEIL- 
LANCE! Guaranteed Lowest Prices! Huge 
Catalog $5.00 (Refundable). PROTECTOR, 
PO: Box 520294, Salt Lake City, UT 84152. 


MICRO FM TRANSMITTERS, books on 
building wireless and remote listening de- 
vices, night vision equipment. Catalog 
$2.00. EPSILON CO., PO. Box 291513, Los 
Angeles, CA 90029. 


DON'T THROW AWAY THAT USED 
COPIER OR PRINTER CARTRIDGE! 


EXPLORE THE UNKNOWN! Psychic 


«Test Kit, $3.00. Sterling Enterprises, Box 


1151, Clovis, NM 88102-1151. 


Do it yourself REFILL IT (CANON! COPIERS 
нү SAVE OVER BO% | LASER PRINTERS 


[INSTRUCTIONAL | 
| чоюу: 


MORACK 
INCORPORATED Order or intormation 


SURVEILLANCE 
TELEPHONE 


EXCEPT | 


917500 — 6 month Warranty — Phone Tap Catalo $3.00 
LISTEN ELECTRONICS, ES Eigin, Mustopee, OK 74801 
1-800-633-ТАР5 


QUARTZ CLOCK MOVEMENTS and 
supplies! Low Prices! Yankee Ingenuity, Box 
1138, Altus, OK 73522. 

‘SAVE THOUSANDS Our Surplus Insu- 
lated Glass Builds SUNROOMS, GREEN- 
HOUSES, HOMES! Catalog $2.00. ARC- 
it. 1-PS, Hammond, WI 54015, (715) 
92. 


796. 


COMPLETE GLASS TINTING 
>> STOP HEAT FADE GLARE << 
‘SAVE MONEY OR START YOUR OWN BUSINESS 
PROFESSIONAL 
INSTRUCTION MANUAL 
Preparation, Application, 
Splicing, Removal, & T: 
Home PLE 


Automobile SPECIFY” “AIRMAIL OUTLET” for Tools 
ice SEND Marais & of 
Professi 


33500 
COMPLETE GLASS, BOX 12106 HONOLULU, НІ 96828. 


CURVED GLASS—BENDS for China/ 
curio cabinets, also insulated units—send 

ittern for estimate. Amark Glass, 2291 
East 28th Street, Brooklyn, NY 1122$- 
Work guaranteed. 


LASER TUBES $35 


Dealer Inquiries Invited. 
Tee Catalog! 
MEREDITH INSTRUMENTS 
6403 N. 59th Ave. * Glendale, AZ 85301 • (602) 934-9387 € 
"The Source for Laser Surplus” 


REVERSE UTILITY 
PHREAKING - HACKING - UNUSUAL 
PUBLICATIONS! Catalog $1.00—Alterna-* 
tives, Box 4P, Carthage, TX 75633-0004. 


VOICE Disguisers! FM Bugs! Transmit; t 
ters! Phone Snoops! Bug Detectors! More! 
Catalog $1.00: NANDI ELECTRONICS, 
Box 25647, Tempe AZ 85285-5647. ۳ 


GET ALL FREE OFFERS FAST EASY! 
send $1. Crowtey, 2640 N. Castro, Tuc 
son, AZ 8570: 


PLANS $10.00 Pool Heater Under $2004 7 
Shaulis, 604 Bedford, Morris, IL 60450. 


“CONVERT 12VD.C. into 120VA.C." | 
Build inverters using common, inexpensive 
rts. Partical, details, new booklet. Sen. 
77.95 to: Stan Freeman, 369 Zandeci, Che 
halis, WA 98532. 


PROJECTION TV... Convert your TV tof 
project 7 foot picture... Results compara- 
le to $2,500 projectors, Total cost less han | 
$30.00... Plans and 8" Lens $24.95... II-¥ 
lustrated information FREE Macrocoma-ab, 
Washington Crossing, Pennsylvania 18977, д 
Creditcard orders 24HRS. (215) 736-3979. 


FIX RADON PROBLEMS YOUI 
Earn or save thousands. Ex] 
ypu сап, easily, cheaply, Send $9.95, CT” 

sement, 1 Clayton St., Milford, CT 06460. 4 


VCR TRANSMITTER-WI 
"Vedio Sender" Transmits. 
to all televisions is house. 
gemein VCR), GUARANTEED. $49.95. 

luctive Products, Box 930024, Norcross, 
GA 30093. 


EXTENDED PLAY CASSETTE 
CORDERS- 12 hours per standard cassette. 
Free brochure. Productive Products, Box 
930024, Norcross, GA 30093. 


ELECTROPLATING textbook. Electro- 
plate metallics/nonmetallics. $14.95. De- 4 
tails free. Tropic, Box 95E, Palm Bay, FL 
32906-0095. 


]— ا 

1990 LEATHERCRAFT CATALOG. 100 
pages. Largest selection available of genu- 
ine leathers, kits, tools, books, supplies. 
Fine tooling, utility, garment’ leathers, 
suedes, exotics. Belt, wallet, holster, moc- 
casin kits and more! Low prices, quantit¥ 
discounts, Send $2.00 pstg/hdlg to: Tandy 
tanar Company, Dept. m 89C, Р.О. 
Box 2934, Ft. Worth, TX 76113 
Problem—Need Information? 
New Electronics Surveillance, Debugging,* 
Protection Catalog $5.00 Kits—Assembled 
‘Technology Services, 829F Ginette, Gretna, 
LA 70056. 


Elegant Each 8 x 8 ft and 


heck/t 
IL Caldwell Designs 
5042 Village Drive 
Cohutta, GA 30710 


PLASTICS 


CASTOLITE Liquid Plastics. Crystal ~ 
clear, colors. For casting, embedding, coat- 
ing, fiberglassing, ЖАНАС 
ing with our Mold Making Supplies. Cata- 

Dept. SMBS, Bo 


log $2.00. CASTOLITE, Dept. 
391, Woodstock, IL 60098. 
MONEY MAKING OPP. 
BE PROFIT~ 


ANTEED! Write Today—FREE Details. 
Family Opportunities—PS, Box 844, Mans- * 
field, TX 16063. 
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MONEY MAKING OPP. (Cont) 


EASY Work! Excellent Pay! Assemble 
products at home, Call-504-6490670 Ext. 
6517. 

* SAVE FORTUNE! Car insurance SE- 
'CRETS your agent never told! GUARAN- 


TEED! FREE details. Eagle, Box 357-PS10, 
Fairview, TN 37062. 


POWERPLANT MECHANIC! QUALIFY 
— AND PASS YOUR ҒА.А. EXAMS WITH 
ALL THREE OF OUR BOOKS. $10.00 
EACH PLUS SHIPPING $2.00. GUARAN- 
TEED TO PASS OR YOUR MONEY BACK. 
SEND ORDERS TO: Central Aviation, 
. „RO. Box 100, СокіВау, АК 99571. 


FRANCHISE INCOME Without Invest- 
A4 ment Booklet, Cassette. $1.00. Market- 


TOR NO INVESTMENT. BUY $1.00, 
SELL $5.00 SAMPLE, INFORMATION 
- KIT $10.00. LOVING MEMORIES, BOX 
662, PORTSMOUTH, OHIO 45662. 


- REHAB HOUSES for profit. $20,000 рег 
month easy. Manual summary and offer. 
Send $4.00 to: SBI 4020 148th Ave., МЕ 

— Buite F, Redmond, WA 98052 


FINANCIAL FREEDOM AT LASTI! [n your 
œ spare time with our Money-Making System. 
Simple, Legal, No Selling. ANYONE CAN 
DO IT. The easiest, fastest Million Dolla 
System! Limited Time Offer—Only $5.00 
to: Sphere Enterprises, Dept. 21M, PO. Box 


„41, Postal Station “R”, Toronto, Ont., 
ida M4G 322 


por- 
ing. 


blish 


weekly for mailing letters. Guaranteed! 
eneurs, Box 62372, Virginia Beach, 


MILLIONAIRE'S Secrets Revealed. You 

Can Profit From Their Knowledge. Free 

Details. Hancock's 895 Maple Suite 132 
> Burlington, Ont. L78 2H7 


Heat transferring logos, 
messages of symbols onto 
caps, T-shirts is big 
business. Striker machines 
and start up kit as low as 
$395.00. Call 
now —(316)232-3111 

STRIKER PRODUCTS, 1615 
N. WALNUT, PITTSBURG, KS 
66762 


~ » PATCHES DECALS & BADGES 
GUARANTEED Lowest Emblem Prices! 
|. Pins. Decals. Free Catalog/ Quotes. Stadri, 
GIR Jane, NY 10014. (212) 929-2293. 
MAILING LISTS 


-MIXED STATES! IMMEDIATE SHIPMENT) 
‘Adhesive Labels—Hot Line Opportunity 
Seekers, 200/$10.00; 500/$15.00, 1000. 

$25.00. Others Advon, Drawer B6, Shelley, 
ID 83274. Visa/ AmEx. 800- 
992-3866. 


NEW NAMES DAILY! IMMEDIATE 
Guaranteed Opportunity 


sive lables. 200/58; 500/$11 
QuaLimv 
+ Box 1305-CW, Seaford, NY 1178: 


VISA/MC/COD. 800-35 92. 
r FIRST ORDER “TRIPLED FREE"! Op- 
portunity seekers! Computerized, adhesive 
labels. 200/88; 500/$14; 1,000/$25; 2.4 
$39; 5,000/$75; 10,000/$139. LIST-MAS- 
TERS, Box 750-WK, Wantagh, NY 11793. 
Visa/MC/COD call 800-356-8664. 


^ FAX NUMBER LISTS! Includes: company 
name, address, FAX number, and other info. 


EARN bigger profits! New professional 
top of the line, computerized, full-feature 

jaranteed mailing lists $4.00 hundred, 
$50.00 thousand labels. Mailco, «1418 
Homan, Fort Worth, TX 76106-9055. 


BOATS, INBOARD/OUTBOARD 
MOTORS 


BOAT KITS—PLANS—PATTERNS — 
CHOOSE FROM HUGE SELECTION — 
8770 — Powerboats — Sailboats — 
Houseboats — Rowboats — Hydroplanes 
— Tunnelhulls — Duckboats — Canoes — 
Kayaks — Dinghies — SUPPLIES — 
Epoxies — Fiberglass — Foam — SEND 
FOR GIANT ILLUSTRATED CATALOG 
$3.00 ($5.00 airmail)—Book “Amateur 
Boatbuilding” $6.00—CLARKCRAFT 16- 
S Aqualane, Tonawanda NY 14150. 


BARGAINS... All Sizes... $200 Han- 
dling. Scott McCulloch parts... Electra 
Marine, 610 Merrick Road, Lynbrook, New 


York 11563. (516) 599-3003. 


FLORIDA'S WEST COAST, Lots $4,000 
up. Map-Brochure, Englewood Realty, 
1-800-842-1962. 


TOOLS & MACHINERY 


CAMPBELL TOOLS 
‘COMPANY 


“SHARPENERS REPORT” Monthly 
Newsletter. Tips—Sources—Used Equip- 
ment. FREE Brochure. SKOG Company, 
Dept. PS10, PO 22559, Minneapolis, МА 


4' METAL Cutting Lathe $114.25. Taig, 
15048 Proctor, Industry, CA 91746. 


BOAT KITS-PLANS-PATTERNS-Best 
Selection and Service. Proven Designs for. 
Amateur/Craftsman/ Hobbyist — 7/55: — 
Hydroplanes-Canoes- Kayaks-Skiboats— 
Duckboats - Dories — Fishingboats — Sail- 
boats-Houseboats- Quick/Simple Stitch- 
englue. Tremendous savings! 160-PAGE 
CATALOG $4.00 AIRMAIL (3.00 slow). 
GLEN-L, P152 Rosecrans, Box 1804/PS9K, 


Bellflower, CA 90706. 
FOR THE HOME 

BUY CARPET & VINYL DIRECT. 

ings to 80%. Name brands. Shipped Di- 

rect. FREE QUOTES/SAMPI JOHN- 

SON'S CARPETS, Dalton, GA, 1 


(800) 235-1079; Georgia (404) 277-2775. 


ЗАМЕ Thousands! Shorten Loans By %4. Do- 

It-Your-self Mortgage and Loan Reduction 

Kit. Send $4.95 to: RJ. Niles Mortgage 

Consultant Service, PO. Box 2846, Dept-2, 
City, NV 89702 


PROTECT yourself against harmful MI- 
CROWAVE OVEN radiation microwave 
leakage tester $19.95. $3.00 shipping han- 
dling. Random Radiation, 419 Egret Ave., 


Naples. FL 33963. 
REAL ESTATE 


ABANDONED PROPERTY! Information 
$1.00. Ridgehaven, P.O. Box 849-PS, Glen- 
ellen, CA 95442. 


CALIFORNIA. Acreage. Lots. $40 down. 
$40 monthly. 4602 Ethel Ave., Sherman 
Oaks, CA 9142 


‘BUILD YOUR DREAM IN COLORADO* 

Build your cabin from your own trees. 
Create a pond from Crysial Clear Water. 
Harness Solar Energy from over 300 days 
of unclouded sky. 35 Acres from $19,900. 
Low Down—Easy Terms. Free Brochure 
— Call Today 1-800-383-0583. Patten Land 
of Colorado Corp. 


NORTHERN IDAHO. 5-10-20 ACRES. 
Beautiful Northwest forest and lake coun- 
try. Hunting, fishing, recreation, retire- 
ment. Hundreds of parcels. Easy terms. 
FREE brochure. NATIONAL ASSOCIATED 
PROPERTIES, 1111-PC Sherman, Coeur 
d'Alene, ID 83814. (208! 664-8161 


MONTANA 


Trees. Creeks and Wildide, 20 QUALITY acres 
(and up). close to Yellowstone Park, starting at 
$750. Easy Owner Financing. Guaranteed Ac- 
Cess. Warranty Deed. Insured Title Free Brochure 
Rocky Mountain Timberlands 
333 Haggerty Lane ө Dept PS. PO Box 1153 
Bozeman, MT 59771-1153 @ (406) 586-8088 


MONTANA LAND 
NOTOOLS OR ASSEMBLY REQUIRED 
* 20 Acres & up * Easy Financing 

Prices start at $12,900" 

You'll be proud to show your friends 
Call today. 
1-800-252-5263 
Yellowatone Basin Properties: 


GOVERNMENT HOMES from $1 (U re- 


SMALL FOUNDRY Furnace. Supplies 
Free Lit t: 
M, 3 


rature. Pyramid Products, 
I6 South 7th Avenue, Phoenix, AZ 


LATHES — MILLING MACHINES 
MACHINE SHOP SUPPLIES — TOOLS 


TAKE Catalog Orders. We drop-ship 2955 
best-selling specialty products. Lowest 
below wholesale prices. Immediate deliv- 
ery. cular home business opportunity. 
Free Book. SMC, 9401 De Soto Ave., Dept. 
28-10, Chatsworth, CA 91311-4991. 


PIANO TUNING PAYS: Learn with ap- 

proved home study course. Diploma 

nied. American Tuning School, 17050 
‘elfer Dr., Morgan Hill, СА 95037. 


SPARE time fortune in Vinyl Repair. 
Huge demand creates exceptional profits 
We supply everything. Details free. VIP 
2036 Montrose, Chicago 60618. 


$1000's WEEKLY. Free information. 
Stamped envelope: Progress, Box 93248, 
Los Angeles, CA 90093 


$10,000 MONTHLY Taking Photo- 
graphs at Home! Call recorded message: 
103) 674-8155. 


$40,000 ON V3 ACRE! New hydro 


'nics-— inexpensive, pleasant, practical! 
iem information. Planter's, x 1214, 
Franklin, TN 37065-1214. 

CLIP NEWSPAPER ITEMS. 53-530 


each, Free Details. Enterprise, Box 3128-Y, 


Anaheim, CA 92803 


PROFITABLE Gold Foil Printer, Person- 
alize business cards, pencils, matches, Free 
Details. Gold, POB 24986 (LLC), Tampa, 
FL 33623. 


$500 WEEKLY mailing ads. Admailers 
Associates, Bax 51063, Durham, NC 27717. 


NEW! GROW EXPENSIVE PLANTS. 
SELL FOR 2,000% PROFIT. Free infor- 
mation. GROWBIZ, Box 306-810, Seminary, 
MS 39479. 


BOLTS, SCREWS, TOOLS. WHOLE- 
SALE, DIRECT. Guaranteed. Catalog 
$1.00 (refundable). Camelot, Dept. 33, Box 
65, Bristol, Wisconsin 52104. 


HUNDREDS weekly easily. Assemble 
PROVEN products. Spare Time. No Expe 
rience. Free information. IEC, Box 2227, 
Silverdale, WA 98383. 


PYROMETER KIT 2200 R Components 
for small foundry/heat treating tempera- 
ture measurement. $65 Details. DC Prod- 
ucts, Box 4105, Hopkins, MN 55343. 

BUSINESS OPPORTUNITIES 

$1.00 POUND From "Junked" Tires! 


Send Stamp) LaVallees-286, Oxford, FL 
2684. 


RECONDITION BATTERIES. Easily 
Earn Hundreds Weekly. Untold Secrets. 
Free Information. Battery Outlet, Box 
00-8, Hickory, NC 28603. 


IMPORT-Export opportunity, profitable 
world-wide, mail orderbusinessfrom home, 
without capital. We ship plan for no risk 
examination. Experience unnecessary. Free 
Report. Mellinger, Dept. C269C, Woodland 
Hills, California 91367, 


NEED MONEY? Free Grants, Signature 
Loans, Business Loar 2 #7-Y 
Box 5499, Diamond 


22809 (LLC), Tampa, FL 33622. 


$97,500 YEARLY "hidden" in your com- 
iter? Yes! (Free) report: Simpson, 771 PS, 
jattle Ground, Washington 98604-0771 


SCREEN Print T-Shirts. Inexpensive 
kits. Free Details. "T-Printer" POB 23991 
(LLC), Tampa, FL 33623. 


Let The Government Finance your 
new or existing small business. Grants 
loans to $500,000 yearly. Free recorded 
message: 707-448-0310. (766) 


TAKE PICTURES for profit. Camera Ven. 
tures, Box 771, Lamara, CO 81052. 


$225 DAILY “CHROME PLATING” 

Auto Parts, Motorcycles, inexpensive, easy, 

у information: Chrome, Box 2285, 
Waldorf, Maryland 20604. 


DRUG RAID SEIZURES! Buy dirt cheap. 
Cars, houses, boats, computers, furniture 
Free Details: Seizure: Box 4309-YD West 
Covina, CA 91791. 


RECYCLE METALS. NO, NOT BEER 
CANS! Easy $458 weekly! Free inform: 
tion, Hornsby's, Box 1214, Franklin, TN 
37065-1214 


MAKE HOMEMADE BOOKLETS. ГУЕ 
EARNED $187,000 WITH MINE. MONEY 
NEVER STOPS! Free information: Dasher, 
P.O. Box 5320, Sevierville TN 37864. 


MECHANICALLY inclined individuals 
desiring nn Weekly Profits operating 
Small Manufacturing business Without In. 
vestment write: Businesses-P, Box 9008, 
Baldwin N.Y. 11510-9008. 


GET PAID for mailing letters! Wri 
PAASE-PNT, 161 Lincolnway, North Au: 
rora, IL 60542. 


$300 A payı Taking Phone Orders. Peo. 
le Call You. 304-776-5671 Ext. 149. 24 
jours. 


ADVERTISE free in 507 Magazines. 
$5.00. Directory, Box 11W, Atlanta, GA 
30301 

MAKE $7,000 monthly as Loan Broker 
without investment/experience. Financial 
Box 3578-Y, Anaheim, CA 9280: 
OOO MONTHLY INCOME! Easy 


Moneymaking Plan. No Investment. Mc- 
-Y, Diamond Bar, CA 


ALUMINUM SCRAP— Recycle Yourself 
—MAKE UP TO $25.00/POUND! FREE 
Information: Industrial - PS10, Box 127, 


$392.00 FROM 
(Huge Demand), Re 
fundable), Woodwins, Bridgewater, Mass. 
02324-2299. 


SCWL Subliminal Tapes Wholesale: 


ORNAMENTAL. 
CONCRETE & PLASTER PRODUCTS 


“FOUNTAINS eBIRD BATHS ANIMALS STATUES 


100/$10, 200/$15, 500/$25. JUSTTHE FAX, | pair). Delinquent tax property. Reposses- 
* PO. 230, Bayport, NY 11705, (516) 47 sions. Call 805-687-6000 Ext. GH-20025 for | Write: Life Enhancement, 811 Moulin, Mad- 
6992. current repo list | ison Hgts., MI 48071 
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| SMALL AD - BIG MESSAGE 


Our Guide Lets YOU Decide How 
To Make A Little Extra Money 

Or Get RICH. Many Different 
Low-Cost, Low-Risk, High-Profit 
Businesses. Something For Everyone! 


SEND $9.95 TO: SUMMIT 


HYDRAULIC JACK REPAIR MANUAL 
AND CATALOG $10.00. HYDRAULIC 
PARTS SUPPLY, BOX 4157, BROWNS- 
VILLE, TX 78523-41 


PIANO TUNING ACADEMY, 281 D Ger- 
mania, Alexandar, AR 72002, free infor- 
mation. 


READ BOOKS for pay! $100 a title. 
Write: PASE-HGI, 161 Lincolnway, North 
Aurora, IL 60542. 


FEAR Causes Huge Spending Frenzy You 
Need It Too! Enterprises, 1115 Fayette, 
Vicksburg, MS 39180. 


MILLIONAIRE Mailorder Expert Reveals 
Money-Making Secrets. Exciting, Hour Cas- 
sette $1.00. Melvyn Powers, No. Hollywood, 
CA 91609. 


FINANCIAL INDEPENDENCE! Build a 
very profitable business of your own. Free 
detalis. Kimmar Inc. Publishing Dept., 
7320 East 59st, Tulsa, OK 74145. 


EARNINGS Unlimited! Mail Our Bur- 
Jar Alarm Advertisements From Home! 
ІВМ Merchandising, Box 59314-PS, Chi- 
cago, Illinois 60659. 


ASSEMBLE Closet Organizers at home. 
MAKE $300 Day! Free) Details: Assembly, 


Box 5221-AJ, Athens, GA 30604-5221 


1000 Companies Hiring Homeworkers. 
All skills. Specific job leads. Rush stamp— 
Ter. 2102 Whispering, Roundrock, TX 


BIG PROFITS. Publish your own news- 
letter. Free information from SPI Special 
Publications Inc. Dept. A01A, P.O. Box 14, 
CH-8197 Rafz/Switzerland. 


START YOUR BUSINESS NOW! Easy- 
to-follow, step-by-step guide! Shoestring 
investment! Special bonus! Free details! 
Cardinal Book Company, Box 160397-C1, 
Cupertino, CA 95016. 


99. 


THOUSANDS Monthly! Using your An- 
swering Machine! GC Industry, Box 73565- 
(PS), Washington, DC 20009. 


FREE REPORT reveals how a young 25 
year old makes Huge Wads of money, oj 
ating a unique home business, right from 
his kitchen table. World Imports 100,000 
Dept. PS-3, PO. Box 139, Sterling Virginia 
22170. 


$15,000 MONTHLY INCOME! Easy 
moneymaking plan. NO INVESTMENT. Fi- 
nancial, Box 1150-PS, Fort Washington, Pa. 
19034. 


SUPER PROFITS at home! $20,000 
MONTH. Free information: Alexander, 
PS1-1330 Cheal P1, Cobblehill, BC VOR 
1L0 Canada. 


$5,000 WEEKLY! Guaranteed income. 
FREE: Insider's Guide to Unclaimed For- 
tunes. Paragon, 2301C Central, Dept. 468, 
Bedford, Texas 76021. 


122% PROFIT. Meet Big Demand For Re- 
lief from driving fatigue, stress, pain! New 
woodbeaded Massage Cushion. Free infor- 
mations. 800-999-1089. 


MAKE $4,000 MONTH SPARE-TIME! 
Easy with your COMPUTERI (Free) Re- 
5 Computer, Box 5221-AJ, Athens, GA 
30604- 1. 


MAKE YOUR DREAM COME TRUE. 
EARN $60,000 YEARLY REPAIRING 
SMALL CRACKS IN WINDSHIELDS NOT 
REPLACING THEM. CALL TOLL FREE 1 
(800) 826-8523 OR WRITE: THE 
GLASS MECHANIX INC., 10170 NW 47 
St, Sun Rise, FL 33351. 


LEARN Gold, Silver Scrap Recycling 
Business. Free information: Recycling Box 
11216PS, Reno, NV 89510-1216. 


$200 DAILY with PVC Furniture! Easy, 
fun homebased moneymaking. Free report: 
PVC, 771PS, Battle Ground, Washington 
98604-0771. 


ВЕ your own boss! 1001 fast, easy ways 
to make money! Free! Rush name, address. 
Money Making, Dept. PS, Box Z, Studio 
City, CA 91604. 


$360.00 DAY: Semi-Automatic Con- 
crete Block Machines. Send $29.95 for Full 
Color VHS VIDEO of Entire Operation, All 
Information to get Started, Refundable. 
(OUR 34th VEAR!). Carlayne Mold Com- 
gany Route One, Box 3740, Rapid City, 
uth Dakota 57702-9723. 


FREE $10,000 GRANT. Billions given 
away, any purpose regardless of credit sit- 
vation. Never pay back. Free details (619) 
280-5050 ext. HC44U. 


$27,000 SPARE TIME! AT HOME! 
Making "Special" Booklets. EASY! (Free) 
Information. Thomas, Box 5221-AJ, Athens, 
GA 30604-5221. 


FREE $1,500 MERCHANDISE CREDIT. 
Exclusive platinum card, no one refused. 
No security deposit, no annual fees. $10,000 
credit line. (619) 280-5050 ext. 3C44U. 


HOT OPPORTUNITIES: 100 NEW, prof- 
itable home businesses revealed. Free in- 
formation. Business Publications, 304 
Newbury St., Suite 362, Boston, MA 02115. 


T-SHIRT PRINTING MACHINES. We 
sell professional single and multi-color 
screen printing equipment. Inexpensive, 
Free Brochures. Catco, 12086-PS NW 25th 
St., Coral Springs, FL 33065. 


$250 DAILY! Recycling “SPECIAI 
Metals-Plastics. Easy money! (Free) Infor- 
mation. Recycle, Box 5221-AJ, Athens, 
GA 30604-5221. 


$75,156 YEARLY! START SPARE TIME! 
Furniture Restoration. No investment! 
(Free) Details: Patterson, Box 5221-AJ, 
Athens, GA 30604-5221. 


New Varieties of Exotic tropical 
seeds, Fantastic money making business. 
Free details. Bonnins, Box 321. Eagle River, 
WI 54521. 


FINANCIAL INDEPENDENCE with your 
own home-based business! $1000+ per week 
ible. Free details. KCO, Box 17238-PS, 

it. Paul, MN 55117. 


MAKING EXTRA MONEY MADE EASY, 
FREE Subscription to Opportunity Maga: 
zine offers hundreds of proven ways. Wr 
Opportunity, Dept. 543,6 N. Michigan, C 
go, IL 6 


NEW 3-D CAMERA USES STANDARD 
35mm FILMI FREE sample photograph. 
information package. Call 800-284. 


КЕ PHOTOS. EARN $100 HOUR! 
(Free) Information. Camara, Box 5221-АЈ, 


BANK $500 A DAY 
Minimal Start-up. No investment. Free de- 
tails: Specialized Reports, Box 280988, San 
Francisco, CA 94128 


PROJECTION TV... Make 555% assem- 
bling Projectors... Easy... Results compa- 
rable to $2,500 projectors... Total cost less 
than $30.00... PLANS 8" LENS & Deal- 
ers Information $22.50. .. Illustrated in- 
formation FREE... Macrocoma-abx, 
Washington Crossing, Pennsylvania 18977. 
Creditcard orders 24HRS. (215) 736-2880. 


$25,000 LOANS INTEREST FREEI! Se- 
cret Federal Law Wipes Out Debts!! Details 
FREE! Equitable, Dept. PS1, 701 South 
Ave., Staten Island, NY 10303. 


$100,000 Үй! Easy. New. The Ultimate 
Opportunity. Free Details 1-800-446-3415. 


MAKE big dollars always! Guaranteed, 
send $3.00 to: Bourda Publishing, 4212 San 
Felipe #300, Houston, TX 77027-2902 


$1,500 WEEKLY mailing weightloss ad- 
vertisements—from home!—Pharmacals- 
PS, 3400—111th, Chicago, IL 60655. 


OPERATE YOUR PROFITABLE BUSI- 
NESS at home. Easy, Shoestring start. 
FREE DETAILS. Parks Publishing, 1640 
Alderbrook Rd., NE, Atlanta, GA 30345. 


8 STRIKE IT RICH $ 
GOLD FOR $250.00 OZ. Do you know 
how? We do! Complete plan and Informa- 
tion Kit $5.00. MONEYBACK GUARAN- 
TEE. Paul Mathieson, 11981 Caribbean 
Blvd, Miami, FL 33177. 


EARN THOUSANDS. Special interest 
videos drop shipped details $3, refundable. 
JT, 135A М. Grand, Ste 165, W Covina, CA 
91791 


DIAMONDS at wholesale. For details call 
24hr/day. (919) 282-9350. Leave message. 


$5, $10, $20 orders to YOUR mailbox! 
Easy!!! —It's NOT what you think! Free in- 
formation. Nolan, Box 40732, Nashville, 
ТМ 37204-0732. 


EARN MONEY Reading books! $30,000/yr 
income potential. Details. (1) 805-687- 
6000 Ext. Y-2002: 


FORMICA: Repair Burned and Damaged 
Countertops WITHOUT REPLACEMENT! 
Quick, easy to $600/day. Change counter- 
top Colors WITHOUT REMODELING! МІ 
lions of apartments, homes pay profits im- 
mediately. Introductory package FREE! 
206/256-9742. Introductory Videotape $14. 
RENEW-ALL, BOX 9900-SS, Vancouver, 
WA 98668. 


WOODCRAFTING Home Business. Bro- 
chure—35¢. Woodmart, 1868 F, Spring- 
field, OR 97477-4224. 


MONEY Never Stops! Demand For Home- 
made Booklets Endless! Details: Bream, 
Box 35622, Richmond, VA 2323! 


REVOLUTIONARY NEW PRODUCT! Elim- 

inate hard water problems without salt. 

Ground floor opportunity. FREE informa- 

tion, G.R-E.C. Box 651, Dept. 5-10, Quincy, 
306. 


SAVE Postage! $1.00 Sends Your Мате 
То Every Free Opportunity In This Maga- 
zine. “Opportunity Seekers”, Dept. So, Box 
24105, Jax, FL 32241 


HUNTING & FISHING INF. 


BEEMAN SUPER POWER ADULT АН 
GUNS, Fine Firearms, Magnum Slingshot. 
Guaranteed best prices for very finest. Un- 
excelled power yes, but more importantly: 
unequalled accuracy, trigger action, dura- 
bility, ownership pride, largest U.S. sales. 
$1 Lifetime Repair Policy. Mention code 
PSC for Free Airgun Guide/Firearm Infor- 
mation. Add $1 for fast mail. Beeman, 
3440-PSC Airway, Santa Rosa, CA 95403, 
(707) 578-7900 (24 hours). 


RECORDS, TAPES 


JUKE BOX RECORDS FROM THE 50's 
& 60's. Huge selection. Low prices, write 
for free list. Records, 151 1st Ave., Room 
#151, New York, NY 10003. 


BETTER HEALTH 


SLEEP BETTER Get Rid of Disease 
Causing Tension With This New Remark- 
able, Audio Cassettes $4.95. Oxford Stud- 
ies, Box 18341, Cin. Ohio 45218. 


OVER $50,000 MONTHLY possible! 
FREE details. Money back GUARANTEED! 
Opportunity Unlimited, Suite 636, 311 N. 
Lee St., Falls Church, VA 22046 


BIG Bucks In Mailorder—Cash At Your 
Doorstep. Huge Profits With NO Invest- 
ment Or Experience. Step-By-Step Book 
Tells How. Free Information. RD Special- 
ties, Dept. 280 PS, 3060 Bristol Rd., Ben- 
salem, PA 19020. 


UNLIMITED $$ IN EXPLOSIVE FIT- 
INDUSTRY! 


CARBON MONOXIDE PROTECTION 
Badge detects deadly CO gas anywhere 
immediately Color change indicates unsafe 
CP levels. Reusable. Stores 3 years uno- 
pened. Satisfaction guaranteed. $5.50 each, 
3-pack $15, postpaid. $6 or 3-pack $16 post- 
paid Alaska, Hawaii, Canada. CA residents 
add sales tax. Check, money order. JRB 
Company, Suite C-229, 24861 Alicia Park- 
way, Laguna Hills, СА 92653. Information 
(714) 586-2384. 


NEED MORE ENERGY? One teaspoon 
per day of this natural, new product will 
do. Send $1 for brochure. Thurdon, Box 
18341, Cincinnati, Ohio 45218. 


WEARING APPAREL xd 


POCKETSIZE RAINCOAT Men & 
Women Full Length Attached Hood One* 
Size Fits All $2.75. C&S Merchandise Cen- 
ter, 5412 N. Jennings Rd., Flint, MI 48504. 


HOME BREWING 


ELECTRONIC BEER CAN COOLER * 
Information $2.00. Feeley, 207 Bella, Iber- 
ville, Quebec Canada J2X4Y6. 


WANTED TO BUY 


НЕАТНКІТ Trainers model ET3400 se- 
ries Microprocessor highest price paid as- 
semble or not working or not. These series € 
6800 based trainers may have been pur- 
chased under other name. Contact Techni- 
cal Training Center, 3550 Stevens Creek 4 
Blvd., San Jose, CA 95117... 


CAMERA/PHOTO SUPPLIES A 


NEW 3-D CAMERA. Great 35mm Pho-4 ~ 
tos! Unique. Auto-focus. USA Warranty 
SM, PO Box 48, Mt Carmel Station, Bronx, 
New York 10458, 212-364-4714. ` 


RADIO TV 


SECRET Scanner Frequencies: Federal, 
Police, etc. Free Catalog! CRB, Box 56-PS, 
Commack, NY 11 


DETECTIVE 


PRIVATE INVESTIGATOR Home-study 
Training Program. Free Information. Glo- 4 
bal, Box 191PS, Hanover, MA 02339. 


CATALOG, BROCHURES x 


OVER 2000 gift, houseware, electron- 
іса items at great prices Catalog $1 refund- д 
able order. Denko, Box 592974, Miami, FL 
33159. 


REMAILING SERVICE 


REMAILING SERVICE. * 
Large list of Remailers, Agents needed 
Free details: PS, Р.О. Box 21670, Carson, „ 
NV 89712. 


RUBBER STAMP 


Order "CUSTOM MADE" 


RUBBER STAMPS 


UP TO 4 LINES only $9 95 
{Мах ЗО letters per line) 
sod NK PADS oniy 81 


өзі Ads зе per em lor ро 
+” SATISFACTION GUARANTEED 
FAST SERVICE. Your Order Shipped in 5 days! 


QUALITY Stamp Mty. Box 35514-5, Tulsa, OK 74153, 


GARDEN SUPPLIES & EQUIP 


GREENHOUSES —Redwood/Fiberglass " ^ 
Kits. Hobby/Commercial sizes. Free Bro- 
chure. Gothic Arch Greenhouses, Box 1564- 
PS MOBILE, А! 36633. (1-800-628-4974). 


BODY BUILDING + 


How to Build A Моге 
POWERFUL BODY!! 
How YOU can have: 
We Wider Shoulders *Bigger Arms 
"Powerful Chest «Lose Fat 
miner Waist Gain Weight 
Gain Strength 


FREE BOOKLET! 


Universal, Dept T, Box 8694 
Detroit, Michigan 48240. 


BUY IT WHOLESALE | 
x 


CLOSEOUTS! Wholesale! Overruns! * 
Freebies! Information (stamp): DDN, Box 
20152-G, Ferndale, Michigan 48220. 


400,000 BARGAINS Below Whole- 
sale! “Many Free! — Liquidations... 
Closeouts! ... Job Lots... Single Samples. 
Free details. Worldwide Bargainhunters. 
Box 1409-B, Holland, MI 49422. 


WATER PURIFICATION. 
DRINK PUREST WATER! Home Distill- 


ers. Discount Prices! 800-874-9028. 
Box 45981, Center Hill, FL * 
33514-0459. 
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4 ,, BUILD Your Own Water Filtration System. 
Plans, $10.00. Bosch, 3604 Seminole, 
Modesto, CA 95356. 


HYPNOTISM 


% FREE Hypnotism. Sleep Learning Publi- 
cation DLP, Box 487, Anaheim. СА 92815. 


ROAD TO PROPER CREDIT! CREDIT 
PROCESS REVEALED! SEND $8.95 TO: 
ON CREDIT, 10211 OLDHAM ROAD, 
RICHMOND, VA 23235. 


FREE MONEY! Never repay - Grants. 
Anyone eligible! Write: Entrepreneurs, 
Box 62372, Virginia Beach, VA 23462 


* „ FREE Hypnotism, Self-Hypnosis, Sleep 
Learning Catalog! Drawer P5400, Rut 
doso, NM 88345. 


SELF-HYPNOSIS... in Two Days or 
Less... Details... 6252 Dark Hollow.. 


— Medford, OR 97501. 
HAIR CARE 


a س‎ 
MINOXIDIL. Tretinoin (Retin-A). Grows 
Hair 4 Months. Box 1213, Makati 1299, 


Philippines. 
LOANS BY MAIL ` 


FREE MONEY! $300,000,000 GIVE- 
AWAY. Grants. Never repay. Details $1.00. 
akla, Box 3066-PS10, Seminole, FL 34642. 


BORROW any amount! Get Visa/Master- 
ard! Instant reply! Sunrise, Box 42P, 
jethpage, NY 11714-0042/(516) 349-1649. 


) IMMEDIATE Loans to deserving individ- 
uals refused elsewhere. Many plans in- 
cluded. Try us! Associates P3, Box 9008, 
~ Baldwin, NY 11510-9008. 


BORROW $500 to $200,000.00 Fast on 
_. Signature. Galbraithe, 25 Dongan Place, 
Мем York, NY 10040. 


$100,000 line credit without investiga- 
"tion! Private Swiss bank account! Other 
financial benefits! Free valuable report! 
ЖАС PS-10, Box 5399, Torrance, CA 
5 


м BORROW $500-$40,000! "Over- 
night" On Signature. Keep indefinitely! Ac- 
tion Box 5499-Y, Diamond Bar, CA 91765. 


| "$5,000 CREDIT! No credit check! Not 
Information. Actual credit! (813) 791-8550. 


^ BORROW $60,000 "Overnight Any pur- 


e! Keep indefinitely! Free details! Write: 
М lartin, Box 1593-SP, Safety Harbor, FL 
= 469: 


BORROW $500-$100,000! "Immedi- 
On signature, KEEP FOREVER! 
Tomball, TX 77375- 


juickly. Nearly everyone qualifies! Request 
ree application. NUS Industry, Box 531, 
Bronx, NY 10461-0531. 


) SIGNATURE Loans, Credit Cards ob- 
tained quickly! Dominion, РОВ 35726-A, 
ichmond, VÀ 23235. 


(Алты iOi MR 
QUICK Loans, Credit Cards Issued Na- 
tionwide! Guaranteed! Empire, 1800 S. 
) Robertson #931-M, Los Angel 90036. 


BORROW $50,000 “FAST”. Any Purpose. 
Guaranteed. CAPITAL, Box 561359-PS, 
Charlotte, NC 28256. 


ARAB BUSINESSMEN have money to 

“buy/invest. Top finder's fees paid. IMEA, 

1089/PSI, Box 3574. Newport Beach, CA 
92663. (714) 722-9260. 


LOANS AND GRANTS TO $100,000, 

.. GUARANTEED. No Risk. Free Application. 
NEN, PO. Box 16237-PS, Des Moines, Iowa 
50316. 515-265-7 


jae _ сасып 
VISA! МА: IRCARD! Despite Past 

Credit Experience! Apply Toll-Free: 1-800- 
8-8851, Extenstion 26. Issuer New Era 
lank, Somerset, NJ. 


BORROW 5500-540,000! "On Signa- 
Ture"! Any Purpose! 97% Eligible! Free 
Application: National, Box 7627-K, Long 

4 Beach, CA 90807. 


BORROW Money Quickly Easily No 
Credit Investigation, No Collateral. Free 
Details. BOCN, 1107 Crawford Road, States- 
ville, NC 28677. 


ANYBODY Signature Loan To $30,000, 
Esuco, Esuco Plaza, Vestal, NY 13851-0399. 


CASH 24—48 Hours! Fast Approval! All 
types of loans, Car, Home, Business, Holi- 

lays. PFS, 210 Fifth Ave., Dept. 1102, NY, 
NY 10010. 


998% Money Financial Independence in 
days guaranteed. Instructions only $5.00 
+1.25 postage & handling Stephens, 2099 
Claude Street, Atlanta, GA 30318. 


MAGIC TRICK, PUZZLES 


FREE Catalog. Magic Tricks, Puzzles, 
Jokes. Over 800 Items. Winkler's Wonders, 
Dept. PS10-89, Oakdale, CT 06370. 


STAMP COLLECTING 


PENNY Stamp Approvals. Regardless 
Catalog. C. Kloster, 4164 52nd St. San 
Diego, CA 92105. 

FREE! Surprise Collection With Approv- 
als. Jay, Box 750128, Petaluma, CA 94975. 


бо DIFFERENT Old US. Between 1861 
and 1939 $1.00. Rousch, Box 3734, Mans- 
field, OH 44907. 


FREE, US. Mint Set. Approvals. Hilde- 
brand, Box 4867, Santa Clara, CA 95054. 


CB RADIO 


POLICE—FIRE SCANNERS, CB'S 
HAM, MARINE 2-WAY, ANTENNAS. HPR, 
BOX 19224PS, Denver, CO 80219. 


SCIENCE & CHEMISTRY 


PAGES! 1988 Glassware, che 
cals, equipment, books, experiments, 
DINOSAURS and charts! Most compre- 
hensive catalog offered by anyone in this 
column. Established 1970. $3.00(05) 
Analytical | Scientific, 
11049 Bandera San Antonio, TX 78250. 
1512) 684-7373 VISA. 


" LABORATORY 
CHEMICALS - GLASSWARE, Catalogue 
$1.50. established 1953 Hagenow Labora- 
tories, 1302 Washington, Manitowoc, Wis- 
consin 54220. 


1989 CATALOG, 200 pages. Chemistry, 
Biology, Physical & Earth Science, Nature, 
Dinosaurs and much more. Beginner to pro- 
fessional. $2.00. Merrell Scientific, 1665 
Buffalo Rd., Rochester, NY 14624 


ANATOMICAL Products Catalog 240 
‚ 8221 Kimball, Skokie, 


CHEMICALS AND LAB EQUIPMENT. 
Chemicals, small or large quantities, for 
your convenience. Glassware, Scales, Mi- 
troscopes available. Send $5.00 for cata- 
logue. Chem Lab, 1060-C Ortega Way, 
Placentia, CA 92670. 


CHEMICAL FORMULATION made easy. 
$11.00 Wardle Scientific, Box 805, Brig- 
ham, UT 84302. 


PSYCHEDELIC Chemistry alog 
$15.00. E. MacNab, RR #2, Sooke, Canada 
Vos 180. 


DISCOUNT Stamps, jest Countries, 
Free List. IVA, Box 197-B, Hanford, CA 
93232. 

„ооо STAMPS, $2.95. Guaranteed 
worth over $30 at standard catalog prices! 
Money back if not delighted. Approvals. 
Kenmore OT-977, Milford, NH 03055. 


FREE! Mystery Selection With Арргоу- 
als. Starhawk, N. 5023 Madison, Spokane, 
WA 99205. 


LIQUIDATING Tremendous Old Accu- 
mulation. Bargain Lists Free. Alatalo, 
Maynard, MA 01754. feathering 


TREASURE FINDERS/ 
METAL DETECTORS 
FIND Old Coins, Jewelry, Gold Nuggets, 
New Patented Revolutionary Device. 


Catalog. Gardiner Electronics, 31311, М. 
35th Ауе., Suite K, Phoenix, AZ 85017. 


AMIGA/COMMODORE UPGRADES, 
Chips, Diagnostics, Parts/Supplies. Request 
Catalog. Grapevine 1-800-292-7445. 


EDUCATION & INSTRUCTION. 


WORLD WIDE COLLEGE OF AUC- 
TIONEERING, INC. Since 1933. Term Soon. 
Free Catalog COL. Gordon E. Taylor, Box 
949, Dept. 3 Mason City, IA 50401. 515/ 
423-5242. 


UNIVERSITY DEGREES WITHOUT 


SUPERLEARNING! Triple learning 
speed through music! Develop Supermem- 
ory; control stress. Free—book excerpt & 
catalog. La Yam 450-PS10 Seventh 
Avenue, N.Y.C. 10123. 


TREASURE Finder Locates Buried Gold, 
Silver, Coins, Treasures, Free Cataloj 
Relco, RC10, Вох 920839, Houston, Т” 
71282 


BURIED TREASUR 


Ultra Sensitive DIRECTIONAL Locator 
SEND FOR 
FREE INFORMATIVE BROCHURE 


= RESEARCH PRODUCTS 
sox 2702 TAMPA, FLORIDA 33688 


JOKES & NOVELTIES 


TERMPAPER assistance. 16,278 topics 
available! 306-page catalog—rush $2.00. 
Research, 11322 Idaho, #206KT, Los An- 
geles 90025. TOLL FREE HOTLINE: 800- 
351-0222 (California: 213-477-8226). 


PARALEGAL GRADED CURRICULUM. 
Approved in-depth training by correspon- 
dence. BLACKSTONE SCHOOL OF LAW: 
100 years of legal training. Write for free 
catalog. PO. Box 790906, Dept. PS, Dal- 
las, TX 75379. 


HIGH SCHOOL at home, diploma 
awarded. Low monthly payments. No 
classes, information free. Phone free 
1-800-228-5600, or write: American School, 
Dept. $347,850 E. 58th St., Chicago, IL 
60637. 


FREE Catalog! Things you never knew 
existed! 1600 Novelties, Jokes, Science, 
Hobbies, Surprises. Johnson-Smith, F-03, 
Bradenton, FL 34206-5500. 


PAYDAY LOANS — Must have Checking 
4 Ӛссоши. Call 1-800-445-0680, Missouri 
1-800-892-3006. 


UNSECURED CASH LOANS! Visa/ 

* Mastercards plus more! Fast, easy proven 

method. Any amount, purpose. E-Z payback 

lan! Credit, no problem. Call 24 hrs: (714) 

0-1044; MoneyExpress, 4521 Campus 
#286R, Irvine, CA 92715. 


VISA/MASTERCARD GUARANTEED! 
Signature loans. Credit history unneces- 


гу!... MCA-27, 3400 - 111th, Chicago, 
10655. 


FLORESCENT "Hazzard" Shower Cur- 
tain Fun, Unique, Strong $19.95. Jones 
Family, 19528 Ventura, Tarzana, CA 91356. 


MUSICAL INSTRUMENTS 


INTERNATIONAL VIOLIN COMPANY, 
tonewood, tools, varnishes, parts, accesso- 
ries, strings, cases, instruments, bows. Vi- 
olin, guitar kits. Catalog $1.00. Dept. MX. 
4026 W. Belvedere Ave., Baltimore, MD 
21215. 


SONGWRITERS 


CASH HOTLINE $500 - $100,000 On 
"Signature. "Overnight" 98% Eligible! 
Fast Approval! 312-565-2655. 


POEMS-SONGS WANTED. Free Pub- 
lishing/Promotions. Broadway Music, Box 
7438-PS, Sarasota, FL 33578. 


FULLY APPROVED UNIVERSITY DE- 
GREES! Economical home study for Bach- 
elor's, Master's, Ph. D., fully approved by 
California State Department of Education. 
Prestigious faculty counsels for indepen- 
dent study and life experience credits (5000 
enrolled students, 400 faculty). Free in- 
formation— Richard Crews, M.D. (Наг- 
vard), President, Columbia Pacific Univer- 
sity, Department 2R50, 1415 Third Street, 
San Rafael, CA 94901. Toll free: (800) 227- 
0119; California: (800) 552-5522; or (415) 
459-1650. 


UNIVERSITY DEGREES Without 
Classes! Accredited Bachelor's. Master's, 
Doctorates. Free Revealing Facts! Thorson- 
PS9, Box 470886, Tulsa, OK 74147 


SPEED READING MADE EASY. As- 
tounding new reading method! Free in- 
formation: Manuscripts, PO. Box 41410, 
Baton Rouge, LA 70835. 


| BECOME A PARALEGAL. Work With 


| Nobody undersells 


Attorneys. Home Study. Free Catalog, 800- 
223-4542 Dept. LL109. 


CABLE EQUIPMENT 


CABLE TV BOXES We sell only the best. 
low prices, we ship COD. $2.00 for catalog 
Ace Products, PS9 PO. Box 582, Dept. S, 
Saco, ME 04072, (207) 967-0726 


CABLE T.V. CONVERTERS Jerrold, 
Oak, Scientific Atlantic, Zenith, & many 
others. *New" MTS stereo add-on: mute 
volume. Ideal for 400 & 450 owners! 1-800- 
826-7623. B&B INC, 4030 Beau-D-Rue 
Drive, Eagan, MN 55122. 


CABLE TV CONVERTERS BARGAIN 
HEADQUARTERS: OAK, JERROLD, 
TOCOM, ZENITH, HAMLIN, SCIENTIFIC 
ATLANTA. VISA M/C COD, ORDER 
YOURS TODAY. 800-327-8544. 


CABLE-TV BO 


DDescrambler + Converters 
FREE CATALOG 


TRANS-WORLD CABLE CO. 
12062 Southwest 117th Ct., Suite 126 
Miami, Florida 33186 
800-442-9333 


CABLE TV CONVERTERS 
Why Pay a High Monthly Fee? 


Jerrold, Oak, Hamlin, Scientific Atlanta, Zenith, and more! 
80 day warranty Shipment within 24 hrs. For fast serv 
ice MCAISA C.O D. Telephone orders accepted. Eve- 
"ing hrs. also. (312) 438-4080 , Stamped Envelope (506) 
postage for FREE catalog. No. II. orders. 

L & L ELECTRONICS. 
1430 Miner St., Suite 522 


$19.95 P.P.D. The Stage Door Video, Р.О. 
Box 576, Burnsville, NC 28714. 


CABLE TV SECRETS —the outlaw pub- 
lication the cable companies tried to ban. 
HBO, Movie Channel, Showtime Descram- 
blers. Converters, etc. Suppliers list i 
cluded $8.95. Cable Facts, Box 711-Р: 
Pataskala, OH 43062. 


IF you want some of the best Prices on 
CONVERTERS, DECODERS, call 1-31 
979-8356. We have Jerrold, Starbase, Tri 
Mode, Scientific Atlantic, Hamlin, Zenith, 
some Oak, Pioneer, Filters for beeping 
channels, also other equipment from time 
to time. NEW VOLUME CONTROL 
CONVERTERS. 

CABLE TV DESCRAMBLERS M35B 
tested, Varisyne. Available $39.00, ROLEX 

look-alike exact replica, Gol 


tone, Quartz movement, Mens or Womens 


| $39.00, 1818-982 


CABLE RENTERS 
STOP! 


If you are currently renting your cable equip- 

ment it's time to look into owning your own. 

You can save up to $100 plus every year. We 

carry all the major brands of Converters. 

Remote controls and Descramblers. 

JERROLD, OAK, EAGLE, HAMLIN, 

ZEANITH SCIENTIFIC ATLANTA 

Many more. Fast courteous service. 

Call today 512-250-8816 or write for 
your free catalog. 


1-800-228-7404 


SATELLITE TV. 


FREE Catalog 36 Pages. Major Brands. 
EST-Since 1977. 
(800) 222-9064. 


VIDEOCIPHER II SCHEMATICS Com- 
Ее (Audio & Video Parts List) $14.95. 

е Stage Door Video, Р.О. Box 576, Burns- 
ville, NC 28714 


SATELLITE TV— Free 24 page catalog 
rushed to you listing best products at low- 
est prices. SATMAN, 800-472-8626. 


^t 
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Chaparral, Uniden, Drake, 
Houston, Channel әй ес. 
(d 800-334-64: 
M SKYVISION INC. 
2026 COLLEGE WAY 
Р. FERGUS FALLS, MN 56537 


< 
"^ INSTALL OR UPDATE YOURSELF! 


М 


VIDEOCIPHER Decoders, Catalog 34. 
Skywatch-PS 238 Davenport, Toronto, Can- 
ada, M5R 106. 


VIDEO 


MICROWAVE TV RECEIVERS 
1.9 to 2.7 GHz 


1 Gompa Do Syste 57795 
5 CH Dan Sys 


VISA/MC/COD quum scouts 


FREE Programs! IBMpc’s/Apples/ 
"TRS80's/Commodores/others. Bend stamps 
Box 5222EZRA, San Diego, CA 92105 


SOFTWARE 50c7?1? —Huge Cata- 
log Write: NewFax, Box 370, Woodacre, CA 
94973-0370. 


FOR INVENTORS 


PATENT IT ECONOMICALLY! Free de- 
tails. Licensed since 1958. Rainer Associ- 
ates, 2008 Fondulac, Richmond, VA 23229. 


INVENTORS! Can you patent and profit. 
from your idea? Call or write for your free 
information package. Over a decade of serv- 


ice. AMERICAN INVENTORS CORPORA- 
TION, 82 Broad Street, Dept. PS, Westfield, 
Massachusetts, 01086. 1-800-338-5656. In 
Canada call (413) 568-3753. 


INVENTORS: INVENTIONS MAR- 
KETED & Developed for US. Patenting by 
Former US PATENT OFFICE EXAMINER, 
Professional Patent Engineer FREE 
INVENTION CERTIFICATES. Marketin; 
Representative, Suite 3815PS Woolworth 
сг New York, NY 10007. 


INVENTORS! Idea search being con- 
ducted by DC based firm. Call AP, 1-800- 
458-0352. 


PATENT AND DEVELOP Your Invention. 
Registered Patent Agent and Licensed Pro- 
fessional Engineer. Send for FREE PATENT 
INFORMATION Every Inventor Should 
Have. Richard L. Miller, 12 Parkside Drive, 
Suite-N, Dix Hills, NY 11746. (516) 
499-4343. 


RENTAL MOVIE STABILIZER. Connect. 
between VCRs or to monitor. $69.95. 1-800- 
367-790 


VIDEO-BOX restore, enhance rental mov- 
ies. $44.95 (s/h $3.95). НІ-ТЕК, Р.О. Box 
36044, Raleigh, NC 27606. 


VIDEO Catalog $5.00, 2000+ How-To 
Video Tapes. Discoveries, Box 190PS, Kai- 
lua, HI 96734. 


HEARING AIDS 


HUGE SAVINGS. Eliminate dealer 
markup. Trial. Batteries wholesale. 
Terms Arranged. Lloyds-PSC, Rockford, IL 
61104. Call 1/800/323-1212 Toll Free. 


SUPER SAVINGS! Newest. Finest, All 

Buy DIRECT & save up to HALF! 

‘salesmen. Sold by AIR MAIL on HOME 
Hin FREE Catalog. Write 


i oN PEND = 


49830 Langdon ме, 
E Sepulveda, Cal. 91343 


ENJOY HEARING 


Aid! 


All-in-the ear Hearing 
Nothing over, under or behind 


the ear. . . no cords, tubes or 
wires. Simple slip-in ^ Ful 
range volume control. de 
trial. NO salesman wii call 
Order your free catalog! Write 
Rhodes Hearing today! 
or call 24 hre./ day 
1-800-453-4905 


RHODES HEARING 
Dept. 12K Brookport, IL 62910 


COMPUTERS 


там Software $1.99 Per Disk Sample 
Disk + Catalogue For $1. Star Data, 333 
Cobalt Way, Suite 107, Sunnyvale, CA 
94086. 


REGISTERED PATENT ATTORNEY. 
D.A. Kettlestrings, 414 Hungerford Drive, 
Rockville, Maryland 20850. 1-800- 
748-6216. 


Тһе Іппоуа- 
tion Centre, provides professional, low cost. 
evaluation of your idea. In Canada, call 
1-800-265-4559. CANADIAN INDUSTRIAL 


INNOVATION CENTRE/WATERLOO—PS, 
Eun Columbia St. W., Waterloo, ONT, NZL 
REGISTERED PATENT ATTORNEY 


1-800-876-6670 PATENT SEARCHES, 
FREE INFORMATION. 


INVENTORS: Call TLCI for free infor- 
mation 1-800-468-7200 24 hours/day - 
USA/Canada 


ATTENTION Inventors! American Inven- 
tor magazine subscription only $29. per 
year. FREE PATENT MANUAL SUB- 
SCRIPTION! Box 5277D, Bloomington, IN 
47407. 


LEARN how to offer your invention for 
sale or license. Free booklet outlines proce- 
dures, royalty rates, requirements. Kessler 
Sales Corporation, C-7 FI, Fremont, Ohio 
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INVENTION! NETWORK of- 


INCUBATOR! 

fers invention protection, development, 
marketing assistance. Low fees. (617) 933- 
8824. 


WANTED: Live-in, Close friend, Hobby- 


machinist, Partner-Inventor. 1-314- 
435-9290. 
INVENTIONS WANTED 


INVENTIONS Developed Marketed. 
Free Invention Certificates. 
TURERS REPRESENTATIVE, Suite 3815- 
PS, Woolworth Building, New York, NY 
10007. 


A NEW IDEA? Call National Idea Cen- 
ter of Washington D.C. free info—1-800- 
247-6600 Ext. 117. Come see The Inven- 
tion Store! 


IDEAS, inventions, new products wanted! 
Presentation to industry/exhibition at 
national innovation expositon. 1-800- 
288-IDEA. ISC-PS, 903 Liberty, Pittsburgh, 
PA 15222. 


Confused? Need Help? Cal 
IMPAC. For free information package. In 
US. and Canada. Toll free: 1-800-537-7984. 


INVENTORS: If you have an invention 

bed sale or license, write for free booklet 

explaining how we can help you. Kessler 
Corp. C-7-FI, Fremont, Ohio 43420. 


OF INTEREST TO ALL 


MESSIAH PROMISED LIFE TO THE 
OVERCOMER. Send for your free copy 
of “The Psychology of Purity & Chas- 
tity” to: Schizophrenics 
Р.О. Box 50456, Ft. Worth, TX 76105 


Low Interest Visa Card. ‘Application. 
SSW, Box 20286, Bowling Green, КҮ 42102. 


AUSTRALIAN $10, Unique And Beauti- 
ful. World's First Plastic Banknotes. Order 
Now, $US20.00 Including Postage. Cash/ 
Cheque to: T. James, 3 Moresby Avenue, 
Seaford, 3198 Australia. 


NEED CREDIT? We'll give you a $5,000 
credit card regardless of credit history, 
bankruptcy or credit problem! 98% guar- 
anteed eligible. No bank deposit required. 
No credit check. Free details. 304-776-5671 
Ext. FC215. 24 Hours 


FOREIGN NEWSPAPER 


WORLDWIDE enc 
ERS/MAGAZINES! RE ler, 3/$2. 
FREE BROCHURE. М! URN 'INEWSPA| 
= DE-30, Dana Point California 
. Я 


GIFTS 


YOUR choice of 100's of Practical to 
шеек бог family, friends! All Prices, 
Occasions, CATALOG! Treasure 

House, HOST inet St. 0/1, North Ed- 
wards, CA 9: 


OCCULT COURSES. Write School of 
Wicca, Box 1502-POC, Newbern, NC 28560. 


NEW! 50 Ideas Spark йш fg For 
Fun And Money. let. Paulee 
Enterprises, 3278 aston H Herndon, Vir- 
ginia 22071 


ATTN MIDDLE-CLASS AMI 

Control your financial destiny. Get invest- 
ment guide and work toward comfortable 
retirement. Send $7.95. the jorlin company, 
3010-PS Lark Drive, York, РА 17404. 


ALARM LIGHT. NEW! Fits pocket, purse. 
Switch forward— Flashlight; backwards 
—Loud Alarm. Carrying strap activatá 
alarm also. For home, walking, camping. 
$7.95 + $2.40 P/H. Treasure House, 1321: 
Gilbert St. 0/1, N. Edwards, CA 93523. 


BREW Your Own Beer Like The Im] 
You Buy! Free Information. Boulder Brew- 
ers Connection, Inc., 3305 Spring Mtn. Rd., 
Suite 60-P. Las Vegas, NV 89102. (792 
251-HOPS. Ж 


JEWELRY 
. 55е dozen (Catalog. 


CLOSEOUT Jewelry. 
25е). Roussels, 107-1635 Dow, Arlington, а 
МА 02174-7199. 


BIBLE PROVEN PRO REINCARNA- 
TION "One Life?", available soon, topples 
fallacious antic—reincarnation dogma. 
Dealer inquires preferred; Metadyne Books, 
20322 Birch St. S.W., Santa Ana, CA 92799. 


WIN $1,000.00 FREE DRAWING! De- 
tails #10 SASE! Infinite Horizons Corpo- 
ration, Drawer 1077-A, Deming, New Mex- 
ico 88031 


AMAZING Book, “How to accomplish any- 
thing you want in Life.” Rush $5.00 to: Pearl 
Johnson Co., 7907 Northwest 53 St., Suite 
#128P, Miami, FL 33166. 


WATCH REPLICAS! Lowest Nationwide! 
Warranty! 18KT Goldplated! Exact weight! 
(404) 963-3USA. 


WINEMAKING 


WINEMAKERS - BEERMAKERS - Free 
Illustrated Catalog - Fast Service - Large 
Selection - Visa/Mastercard - (816) 254- 
0242 - KRAUS, Box 7850-N, Independence, 
Missouri 64053. 


Lover??? Display treasured wines 
in the Hanging Wine Belt. Personalized! 
Luxurious! Free brochure. Wines, 124 Nyla, 
South San Francisco, CA 94080. 


SPECIAL SERVICES 


INFORMATION On Anything. Ferguson 
Research Specialists. 60-15 Woodside Ave- 
nue, Woodside, NY 11377. 


/RPORATE without Legal Fees! 
Free Boc Booklet Tells How—Includes Forms 
— Call Now: (800) 345-CORP. 


GOV'T SURPLUS 


NARCOTICS RAID SEIZURES . 
Autos. ..Vans. .. Boats... Airplanes. . Millions 
Surplus Bargains ... many 1% original cost! 
“Nationwide Sales Directory —$3.00. Dis- 
posal, Bor 19107-FV, Washington, DC 


DRUG RAID SEIZURES! Buy dirt cheap. 
Cars, houses, boats, computers, furniture. 
Free Details: Seizure: Box 4309-YG, West 
Covina, CA 91791 


DIAMOND Jewelry and Watches for more 
information send $4.00 to: Eustache Еп- 
terprises, 900 Central Ave., Suite 164, Al 
bany, NY 12206. 


OLD GOLD, JEWELRY WANTED 


HIGHEST CASH for Gold, Jewelry, Gold 
Teeth, e Ctr Diamonds, Watches, Silver, 
Platinum. Mail Artic lay. Free 
with ie Chicago Gold & 
cious Metals, 10 S. Wabash, Dept. 257, 
Chicago, 60603. А 


ТАКЕ NO CHANCES. Deal with oldest, 
most reliable firm in old gold business. 
Established 1934. We buy Gold, Silver, 
Platinum, Diamonds. Highest Cash. Free 
information. Rose Industries, 29-Y East 


Madison, Chicago 60602. 
PERSONAL 2: 


COLLEGE DEGREES, High School 
ponies: Authentic looking. Catalog. ' 
lational Certificate, Dept. PS-139, 210 541 
Avenue, New York 10010. (718) 768-6803 
Ext. 100 (24 Hours). (s 


HERBS—YOHIMBINE, PAU D'Arco, 
and others. Catalog $1.00 (refundable. 
Jude Herbs, Box 563PS, Huntington Sta- 
tion, NY 11746, 


ARTS & CRAFTS 


“GETTING Started In Stained Glass} 
$1.00. Whittemore, Box 2065X, Hanover, 
MA 02370. 


NEON ART home study course. Earn 
while you learn, buy wholesale, start busi- 
ess. FREE DETAILS. Neon, 522 Муг 


Dept. PS-10, Arlington, TX 76018, 
TOBACCO, PIPES, CIGARS w 


TOBACCO! Chewing—Smoking Sam- 
pler: Write; Fred Stocker inc., Dresden, Tes 
nessee 38225. 


BOOKS & MAGS 


BOOKS ON PSYCHIC PHENOMENA! 
ESP, UFOs. Write: Infinite M4, Box 5& ~ 
RVC, NY 11571-0581. 


MAKE Money In Government Surplus. 
How To Booklet $5.00. Traditional Values, 
3509 Davies Court, Virginia Beach, VÀ 
23462. 

BUY GOVERNMENT SURPLUS. It's 
easy and profitable. FREE details. Hart- 
man Surplus, 17610 Kantishna, Eagle 
River, AK 99577. 


PLANS/BLUE PRINTS 


BACKYARD PLAY CENTER. Complete 
Plans $5.00. Childsplay, Box 832, Lufkin, 
TX 75902-0832. 


ELECTRONICS, STEREO HI FI 


STEPPER MOTOR drive & control with 
COMMODORE 64. Hardware, interface, 
& software. MASE, R.D. #2, Box 166, 
Mohrsvill 


‘SURPLUS Electronics. 
log. $2. Surplus(PS), Box элё. 
05440. 


2 page cata: 
burg, VT 
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DO Business Tax Free inthe underground 


economy! $5.00. Tomco, 141 Willie, Saint 

John, М.В. Canada E2J 3N6. 

Шы 
HOVERCRAFT 


AERO-CAR Amazing Hovercraft built\. 
easily with ordinary tools. Lawnmower en- 
gine powered. Carries one man plus. Flies 
over land/snow/water. Complete plans. 
booklet. $11.95. Aero-Projects, Box 58Р 
Clinton, NJ 08809. 


` HOVERCRAFT Plans, 3 to 160 Hp In- 
formation $4.00 (refundable). Sevtec, Box. 
846, Monroe, WA 98272. 


HOVERCRAFT Plans, Parts, Catalog 
$1.00. Universal Hovercraft, Box 281, Cor 
dova, IL 61242. 


BARTLETT FLYING SAUCER 

ULTRA-LIGHT Hovercraft Featured [М g 
Documentary Film, “Force Beyond” Pow- 
ered By Ordinary Lawn Mower Engine? 
Complete Plans, Supply Sources and Photo 
Review. $10.00 (24 Hour Return). Send To: 
Herb Bartlett, PO. Box 156-8, Silverdalef^ 
WA 98383. 


Product information 


Booklets, catalogs, and folders listed below provide reliable informa- 
tion, illustrations, and specifications to help you in planning the pur- 
chase of a variety of products or services offered by these dependable 


1001 Thousands of Items American De- 
sign Components offers a catalog full of elec- 
tronic and electromechanical components, 
plus a line of computer parts and peripher- 
als. It's designed with the tinkerer, hobbyist, 
technician, and engineer in mind. Free 


1002 OutdoorStorage Literature from Ar- 
row Group Industries describes the latest in 
outdoor storage. Featured are steel and wood 
designs as well as children's playhouses. Also 
included are helpful storage, planning, pur- 
chasing, and creative storing-usage tips. $1 


1003 Radar Detection А Bel-Tronics bro- 
chure explains Ka Band photo radar equip- 
ment. Some of the questions addressed: Is 
photo radar legal? Where is Ka Band photo 
radar being used? Is photo radar the only type 
of equipment that can be used at Ka Band? 
Free 


1004 Telescopes Explore the universe with 
Celestron telescopes. Premium-quality optics 
are available for everyone—from beginners to 
advanced researchers. This 28-page color bro- 
chure has complete specifications. $1 


1005 Telephones A brochure from Code- 
A-Phone describes its current line of tele- 
communication products—basic and feature 
phones, cordless phones, and telephone an- 
swering machines. These products are avail- 
able from retailers nationwide. Free 


1006 Personal-Computer Tips. Іп its de- 
tailed color brochure, CompuServ describes 
how to obtain access to America's largest in- 
formation service. Its data banks include an 
encyclopedia, news wires, and financial in- 
formation. Free 


1007 Kit Furniture Craftsman’s Corner's 
Classic Oak kits offer roll-top desks, file cab- 
inets, dining room and bedroom furniture, plus 
oak accessory kits at affordable prices. Lim- 
ited woodworking skills required. $1 


1008 Auto Detailing The “Owning Your 
Own Custom Automobile Grooming & Detailing 
Business” brochure from Custom Car Care 
Publications provides extensive how-to infor- 
mation on establishing your own auto-detailing 
business. The brochure also includes an il- 
lustrated product-catalog section. $8 


1009 Fireplaces Colorful literature from 
Dovre, Inc. discusses the SunBurst woodburn- 
ing fireplace, a zero-clearance model with a 
full fire-viewing area. A double-heat construc- 
tion chamber and solid cast-iron construction 
delivers 60,000 Btu per hour. Free 


1010 Hobbyist Catalog Edmund Scien- 
tific’s 80-page catalog contains over 1,200 
products, including telescopes, magnets, 
weather instruments, solar equipment, fiber 
optics, and ideas for science-fair projects. Free 


1011 Country Homes — The “Country Hous- 
es" book from Home Planners contains 80 
designs, including distinctive Cape Cods, 
American farmhouses, and center-hall colo- 
nials. It features color illustrations showing 
how rooms might look when the houses are 
built. Construction blueprints are available. 
$11.95 


1012 Wood Finishing This edition of Min- 
wax's 30-page finishing guide is complete with 
time-saving tips and how-to instructions. Learn 
how to beautify and protect new wood and 
restore old wood to its original beauty. Free 


1013 Radial Tires А full-color brochure 
from Riken Tire describes its complete line 
of radial tires and aluminum modular wheels 
for high-performance automobiles. Free 


1014 LubeTips The “Lube Tips'' brochure 
from the makers of Rislone Engine Treatment 
answers lubrication questions with informa- 
tion gathered from lubrication consultants, 
refinery technical reports, Rislone Racing 
Teams, and automotive service shops. Free 


ADVERTISEMENT SS 


companies. The convenient order form will save you time and post- 
age. Orders will not be processed unless accompanied by the $1 
handling fee. For your safety, please do not send cash. 


1015 Concrete Cleaner А brochure from 
Sakrete Products features Fade, a remarka- 
ble concrete cleaner that dissolves unsightly 
grease and oil stains. Fade penetrates the con- 
crete or cement surface for deep cleaning. 
You simply scrub away the stains then rinse 
to improve the appearance of the concrete at 
your home or office. 506 


1016. Home Security Does your house 
pass the security test? Find out with Schlage 
Lock Co.'s brochure. Many of the tips for pro- 
tecting your house are offered by an ex-burglar. 
Free 


1017 Recreational Vehicles The 32-page 
1989 Sunline brochure describes more than 
70 towable RVs and truck campers. It also 
includes options, floor plans, specifications, 
and Sunline's new, wider color selection. Free 


1018 Wood Finishing Тһе color-illustrated 
guide from United Gilsonite Labs offers tips 
бп wood finishing, refinishing, and special 
stain effects. The guide provides how-to in- 
formation for all phases of the wood finishing 
process—from removing old paint to choos- 
ing and applying new stain and protective 
finishes. Free 


1019 Engine Treatment U.S. Auto-Tech's 
new full-color car-care catalog describes its 
line of unique engine and gas-saving prod- 
ucts. Also featured is the KolorKey carnauba 
car wax that is safe on all types of car finishes, 
doesn't leave swirl marks, and comes in 10 
different colors, including burgundy, silver, and 
light blue. $1 


1020 Electronic Level A brochure from 
Wedge Innovations describes its SmartLevel 
recalibratable digital electronic carpenter's 
level. SmartLevel measures all angles with up. 
to Yio-degree accuracy and is able to automati- 
cally calculate percent slope and rise over run. 
Free 
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Looking Back... 


Sampling a century of POPULAR SCIENCE 


2 OCTOBER 1964 
"There's a new entry in the 
red-hot race to give you a 
YEARS AGO practical home-TV recorder 
that will capture video on tape: the 
Par Vision system devel- 
oped by two electronic 
engineers. Stewart Heg- 
eman and Robert Mor- 
row, working in a base- 
ment laboratory, are 
now putting the finish- 
ing touches on the third 
experimental home vid- 
eocorder to come out dur- 

ing the past year. 
"Stewart Hegeman, a 
pioneer in high-fidelity ` 
equipment and audio 
tape-recorder design, 
predicts that home vide- 
ocorders will do much 


more than just record 

OCTOBER 1939 

“With lightning speed, the 

enemy has struck at Amer- 
YEARS AGO ica, A ‘suicide squadron’ of 
bombing planes has roared out of the 
sky to rain their missiles upon the 
Panama Canal. Before a lucky hit 
could strike the towering lock gates, a 
hail of antiaircraft fire has riddled the 
bombers. The few pilots who escaped 
have bailed out over 
Central American 
jungles — knowing 
that, before they 
could get back to 
their aircraft car- 
rier, our own bomb- 
ers would locate and | 
sink it. 

"The attempt to 

bottle up our fleet has 
failed, and the hos- 


OCTOBER 1889 
"Besides the orthodox sys- 
YEARS AGO 


tem of protection against 

lightning, there is anoth- 
er system suggested by Clerk Max- 
well—the ‘bird-cage’ or ‘meat-safe’ 
principle. ‘In a banker's strong room," 
says Professor Lodge, ‘you are abso- 
lutely safe. Even if it were struck, 


broadcasted programs for later view- 
ing. He foresees a time when you will 
buy prerecorded shows across the count 
er, the way you now buy prerecorded 
music tapes. Pretaped TV programs 


tile coalition of powers has dropped its 
mask. It is war, without the old-fash- 
ioned ceremony of a formal declaration 
—swift, ruthless, modern. 

“Thus may come ‘M Day,’ the coun- 
try’s fateful day of mobilization. But 
any such challenge from overseas is 
being made unlikely—and our victory 
as nearly certain as human foresight 
can provide—by the most powerful 


nothing could get at you. In a bird- 
cage, or in armor, you are moderately 
safe. A sufficiently strong and closely 
meshed cage or netting all over a 
house will undoubtedly make all in- 
side perfectly safe from lightning 
—only, if that is all the defense, you 
must not step outside or touch the net- 
ting while outside, for fear of a shock. 


may be more practical than pay-TV. 

"You'll also use your videocorder to 
record home *movies'—a simple closed- 
circuit TV camera will photograph the 
action. 

"A TV signal is a complex blend of 
high- and low-frequency components 
that fill a frequency band almost three 
megacycles wide. À videocorder must 
catch most of the band width, or pic- 
ture definition and contrast will suffer. 

"The traditional approach to wide- 
frequency-range tape recording has 
been to whisk tape past the recording 
head at 120 inches per second. The 
prototype Par Vision recorder runs at 
60 inches per second, and will record 
a total of 24 minutes on both sides of 
a 3,600-foot reel of a newly developed 
high-quality audio tape that is ultra- 
thin. Lower tape speed means longer 
tape and recording-head life, as well 
as lower operating cost." 


fighting machine America has ever 
forged in peacetime. Already off to a 
flying start, the gigantic armament 
program voted by the "Preparedness 
Congress' of 1939 will make the Unit- 
ed States more than a match for any 
conceivable combination of aggressors. 
And it will provide weapons more rad- 
ical and deadly than any battlefield 
yet has seen. 

"The Navy remains our first line 
of defense. Aloné among the world's 
great nations, the United States is safe 
from mass attack by air or by land so 
long as its fleet commands its waters. 

"Already the steel is being fabri- 
cated for two giant 45,000-ton battle- 
ships—the Jowa and New Jersey. Head- 
ing a list of 23 war vessels whose con- 
struction is to start this year, they will 
be the world's largest and most pow- 
erful warships.” 


An earth connection is necessary too. 

“A wire netting all over the house, 
a good earth-connection at sever- 
al points, and a plentiful supply of 
barbed wire stuck all over the roof con- 
stitute an admirable system of de- 
fense. Points to the sky are recognized 
as correct, but there should be more 
of them along ridges and eaves.” 
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' — Howalittlewindow 
|: shopping can save you $500. 


If you dont look at an Isuzu when 
+ ; ; : 
0 youre looking for a pickup, you could 
А ° miss out on quite a lot. 
° Because for just $7548} the 
: J 1 
а Isuzu pickup comes complete with 
“С” STANDARD PICKUP 77 1989 mr 23LITER . еуегу опе of the standard features 
CERULEAN MICA __wavaracromssoccmnmeratrmct] $7548 d you Fe шут оп Ens үне Every- 
eim. thing from five-speed transmission 
e» - SSION | STANDARD 
| DIALOGEN PENES | STANDARD Р to halogen headlamps. 
TINTED GLASS | steno | И Even though the Toyota has a 
STEEL-BELTED RADIALS Al М 3 1 Y 
KNIT UPHOLSTERY STANDARD higher base price, it only comes with 
DOUBLE-WALL CARGO BED | тады some of these standards. And once 
DUAL OUTSIDE SPORT MIRRORS ANDARD ith > = 
ть | таоло it's equipped with all these features, 
т DAY/NIGHT REAR VIEW MIRROR STANDARD the Toyota would end up costing you 
LOW FUEL WARNING LAMP STANDARD over $500 more than the Isuzu. 


DOOR VENT WINDOWS | STANDARD 


But it still wouldn't be as good a 
pickup. Because Isuzu gives you a big- 
ger payload, better mileage and more 
leg and shoulder room than Toyota. 

So before you [ For free Isuzu brochures | 
buy a pickup,look | <“ | 
іп our window. Otherwise 
you may be throwing your 
money out of one. 


Isuzu Pickups 


Фесесеееееееоо 


equipped with optional equipment 


ISUZU 


| THESMG ~ 
ADVANTAGE 


VANTAGE © 


ULTRA LIGHTS 


RICH FLAVOR ULTRA LOW TAR 


RICH TASTE 
AT 2 THE TAR 


SURGEON GENERAL'S WARNING: Cigarette 
Smoke Contains Carbon Monoxide 
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